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PREFACE. 


Twe present treatise iicitlicr pretends to nor aims 
at giving a coinj)lete descrij)ti()n or demonstration 
, of tlie plienomena of Sound, or of the ^listoiy and 
]:i\vs of Music. Those who wish to study these 
subjects thoroughly, whether from their scientihe 
or artisrio» aspect, must have recourse to special 
works and* special «tudy. 

Following the, examjihi given by figlmlioltz in 
his now classical b(5ok, ‘'Die Lehre von den Ton- 
(Mupfiiicfuiigen,” 1 hav(! tried ,to bring togetlier in 
ii phiin and sinij'le form two aalyects which have 
Ij^herto been treated of .separately. The student 
of physics did not go inillch iu*to tlie study of 
inusi(‘al .arguments, an<1 our artists do not suf-* 
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PREFACE. 


ficicntJy , understand the very important bearing 

« 

tliat tlie laws of sound have upon many musical 
questions. 

Science lias latterly made notable progress in 
this respect. She has come to r('ga.rd the history 
of the development of Music from a single^point of 
view, and is on the road to furnish a larger and 
firmer basis to musical criticism. 

expound briefly the fundamental principles 
of such a science, and to point out its most im- 
portant apj)lications, has been the object and 
scope of this treatise. I hope, therefore, that it 
will be received with some interest both by lovers 
of science and by lovers of art. 

^^lETRO BLASERNA. 

A2)rii 1875. 
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THE THEORY OF SOUO. 


CHAPTER I. 

1. Periodic movements, vibration — 2. Sonorous vibration — 3. Vibra- 
tion OF A BELL — 4. Vibration of a tuning-fork, graphic method — 
5 , Vibration of a string — 6. Or plates and membranes— 7. Vibra- 
tion OF AIR IN A SOUNDING PIPE — 8. METHOD BY THE MANOMETRIO 
FLAME. — 9. Conclusion. 

W • • 

1. Amongst the iimumerable fonns of motion jvhich exist 
in nature, the science of Physics pays especial attention 
to some, to which it assigns great importance. These are 

those forms of motion in which a body, or part of a body, 

• • 

arrives at an extreme point, remains at rest for a moment, 

• • 

retraces its steps, again takes the road it has already passed 
over, and continues thus,* leaking regular to-»nd-fro move- 
itients in a determinate line. 

The pepdillum offers us the most simple ejample of 
such a periodic movement. Its laws have been determined 
by Galileo, who discovered that the movement is isochron- 
ous— that is to ^ay, that the time in^ which the to-and-fro 
movement is executed, is always the game for the same 
pendulum, be its oscillations large or not. 

A 
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In other words, if we give to a pendulum at rest a 
slight impulse, or a strong impulse, the oscillations will 
be respectively small or large ; but for the same pendulum 
the duration of each oscillation will be always the same ; 
which may be expressed as follows, that the duration of 
the oscillations is independent of their extent. 

* The law of the isochronism of the pendulum is a very 
general law in nature. Although it may not be mathe- 
maticall}^ exact, still it is sufficiently so for tlie majority 
of cases which we shall consider. Every periodic to- an d- 
fro movement comparable with that of the pendulum is 
called an oscillation, and if it be smaller and quicker, it 
is also termed a vibration. For greater clearness we will 
give the name of simple vibrations to those whicli exactly 
follow the laws of the pendulum, which, by the way, are 
the most simple of* all. On the other hand, we will give the 
name of compound vihratiom to those which follow more 
complex laws. 

An example will show how vibrations can be more 
complex. The movement of the pendulum may be thus 
summed uprtWlien it has arrived at the end of its path, 
it remains at rest for a moment^ and comes back with a 
constantly-increasing velocity, which become^ a ^naximum 
in the vertical position, and then decreases during the 
second half of its path. For the pendulum, then, the two 
extreme" points of tlje oscillation correspond to a velocity 
zero, the middle pqint to the maximum velocity. 

*v 

An example of compound periodic movement is obtained 
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by Adding to the already existing oscillation of the pen- 
dalum some other oscillatory movement. Suppose, for 
exiimple, that the pendiihim rod be flexible and elastic, 
and that it oscillates on its own account, and let us 
further suppose tlie lower heavy part of the pendulum 
to be an elastic hall, which, being violently impelled 
when at rest, vibrates like a ball on a billiard-table — that 
is to say, exhibits successive compressions and expansions. 
We shall then have three vibratory movements united in 
the pendulum, wliich will give a compound movement 
obviously more complex than the first. 

Another example of a compound movement is furnished 
by the ball-player, who throws a ball vertically up in the 
air, anjl then sends it up again without allowing it to fall 
to the ground. Here the movement is differenj^ from that 
of the pendulum. The ball goes up with a velocity de- 
creasing nearly at the same rate as that of the pendulum 
does (but the vel#city decreases according to a different 

law), comes lo rest, and then falls with a constantly- 
• • 
increasing velocity, an(> is suddenly stopped and thrown 

up again bjjr the muscular^ force of the plajier, whilst its 

velocity is fairly high aiwl still increasing, according to the 

laws whic^ rftgulate the falling of heavy bodies^ In this 

case, then, contrary to that which takes place in that of the 

pendulum, the two extreme points of the path correspond 

— the one to a Telocity of zero, the |)ther to a fairly high 

velocity — in fact, to the highest velocity possible under 

the circumstances. There exist in nature a very great 
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number of vibrations of various forms, and that tJiese 
liavQ be^n carefully studied and their importance fully 
understood, constitutes one of *the most pregnant strides 
which Physics has made in ^his century. 

Of all these vibratory movements I will treat of one 
group, wliich merits special attention on account of the 
great facility which it offers for its study, and for the 
great importance which its application has e:3iercised on 
the history of human culture. 

2. I wish first of all to demonstrate that sound is formed 
by the vibrations of the particles of bodies. To» under- 
stand these vibrations we are not obliged to know the 
intimate structure of the bodies themselves ; it is enough 
to know that the body can be subdivided into little par- 
ticles, and^that these particles can move away from one 
another, at least within certain limits, without thereby 
causing the rupture or disaggi'egation of the *body. This 
is the result of everyday observatioa, and in regard 
to our present study, I have no need to go farther 
into the matter or to formulate a more or less hypothe- 
tical opinion on the intimate* structure of the bodies 
themselves. We must, however, add to this conception 
yet another — that of the elasticity of bodies. ^ A body is 
called elastic in which a particle, moved from its natural 
position of equilibrium, has a tendency to return to its 
first position as soon as the external fsause wliich had 
displaced it has ^eased. 

When a particle is under the circumstances here con- 
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templated, it does what the pendulum does. The instant 
il is free to move, it 'returns towards the pSsitidn it 
originally occupied; at first with small velocity, afterwards 
with constantly-increasing vefocity. Arrived at its position 
of natural equilibrium, it continues for a certain space by 
its momentum the movement which it has acquired, and 
finally stops and retraces its steps. It oscillates then 
about its position of natural equilibrium, precisely as the 
pendulum oscillates on one side and the other of its 
vertical position. Mathematical investigation shows that 
in this* case the vibration is simple, like that of the pen- 
dulum. But in the study of the vibrations to which a 
body, or part of a body, may be subjected, it is not enough 
^0 consider the movement of one particle only. The body 
is formed of a vast number of particles, and as each 
one vibrates^ it is important to know whether they influ- 
ence each other in their respective movements. In this 
respect any case* is possible, according to the special 
conditions under which the vibrations take place, and 
the cause which excites 1:hem. It often happens that each 
single parti^jle vibrates on its own accounj, al if the others 
were not in existence. Those vibrations which take place 
irregularly* in all possible directions, acquire a»great im- 
portance in respect to the phenomena of heat, and for 
others besides, but have no direct bearing upon, sound. 
In order that the vibration may be sonorous, it is necessary 
that the particles should executq^their ntovements together 
_and with a pertain regularity. The vibrations then acquire 
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a general and regular character. They may he compared 
to the compact manoeuvres of a company of soldiers, while 
the thermal vibrations rather resemble the altogether 
irregular movements of an undisciplined crowd. 

3. It can be demonstrated by a certain number of 
examples that sound is always accompanied by vibration 
of the sounding body. A metal bell is taken, mouth 
upwards, firmly attached to a foot A (fig. 1). A very light 
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pendulum a touches the bell tb indicate the Movements 
that it may make at a given moment. If this bell be 
rubbed. by a violin .bow, a very marked sound is obtained, 
and immediately th# pendulum is driven away, falls back 
against the bell, and is again driven away, and so on; the 
movement of the pendulum lasts for a certain time, and ^ 
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grows less as the sound dies away, and shows that the 
bgll, so long as it sounds is in a state of vibrafion In all 
its parts. 

• 

4. Another illustration is given by a sort of steel fork 
D, which, if it be held by its foot, can be easily set in 
vibration (fig. 2). A fork of this kind is called a tuning- 
fork. If the tuning-fork be struck upon the table, or if 
it be rubbed at the extremities of its branches ‘with a 
violin bow, a very faint and scarcely audible musical 
sound is obtained. This sound is observably strengthened 
if the foot of the tuning-fork l)e placed in contact with 
the table, or, better still, with a hollow box. The sound 
can then be clearly heard, and by this means it may be 
• showh that the sound really exists. This being so, it is 
easy to believe that the two branches of the iuning-fork, 
wlien it sounds, are in a state of continual vibratory move- 
ment. The movement is very rapid and the eye cannot 
follow it, 4Rit the outlines of the branches no longer have 
a" sharp and well-defined form, which clearly shews the 
movement of the tuning-fork. This vibratory movement 
is made very perceptible i)y touching t^e fbyk itself with 
the finger. ^If the two branches be touched, the move- 
ment cedses, and with ‘it the sound. Sound tod move- 
ment are so correlated that one is strong when the other 
is strong, one diminishes wdien the gther diminishes, and 
thft one stops when the other stops. \ 

But the vibrations of the«4uniiig-Tork can be made 
» visible by -the following graphic method : — • 
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A plate of glass L (fig. 2), coated with lamp-black by 
a pefroleum flame, and which, slides easily in the frame 
G, is taken, and a point P having been attached to one of 



Fig. 2. 


the branches of the vibj’ating tuning-fork, this point is 
placed against it, and the plate is drawn along rapidly in 
such a way that the point slides continuously on it. 

Or, to make the experiment still more certain anck-more* 
elegant, a cylinder of brass is used, on which is stretched 
a sheet of paper blackened by a petroleum f\fime. This 
cylinder can be turned by means of a screw handle A 
moved by hand or by mechanism (fig. ‘3). , Hie tuning- 
fork is iiow brought close to the cylinder, so that the pgint 
D slightly scores the paper, and^is fixed firmly by means 
of a vice, iff tjie tuning-fork remains at rest and the 

cylinder turns, the point traces *a straight line on the 

« 

paper, or.sas the movement of the cylinder is ‘spiral, it 
* % 

traces a curve differing very little from a straight line. 

If, on the other Jiand, the cylinder remains at rest and 

* 4 - 

the tuning-fork vibrates, its point traces a short line per- 
pendicular to the first. lastly, the tuning-fork vibrates 
and the cylinder turns, a regular and very characteristic 
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undulating line is obtained on the paper, which represents 
faply well the vibratory movement of the tuning-fork. 
When the tuning-fork gives a loud sound, the vibrations 
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traced on the paper are very wide ; later dfa, when the 
sound is already weakened, the vibrations begin to dim- 
inish in width; finally, ^hen the sound is. on tfie pomt of 
, ceasing, they become almost invisible, and are sensibly 
confounded witl^ the straight line. • 

5 . The vibration of a string canl^also be -very easily 
demoWrated. For this purpdffe a metal string is used, 

, stretched over a wooden box (fig. 4). Two bridges, A and * 
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B, on which the string rests, give it the exact length of 
one metre, and a scale placed beaieath it enables the length 
of any part to be determined at will. The wire is fixed 



Fig 4. 


and kept stretched by means of pegs, exactly as in a 
pianoforte. This instrument, which has been known* since ^ 
the days of the ancient Greeks, and which is called a 
sonometer or monochord, is of great importance .both in the 
history of music and in the study of those phenomena in 
which we are now interested. If the string he rubbed in 
the miSdle with a violin bow, a note is obtained, the pttcli 
of which depends on many circumstances, as, for instance, 
on the length, thickness, and density •of the stiing, and on 
its tension. If the string be rubbed lightly^ the sound is 
feeble ; if* on the contrary, it be rubbed with some force, 
the sound is loud ; and, generally speaking, the intensity 
or loudness of the -sound depends on tl^e greater or less 
amount of -force th#; produces it. The vibration of this 
string can be demonstratetf in the following manner 

Simple observation han alreadv shown tha^ the string ^ 
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when rubbed is in a state of rapid vibration. At the 
extremities, where it rests, on the two bridges, the string 
appears to be at rest, but when the middle part is exam- 
ined, it is found that the string loses its sharpness of 
outline. It appears sensibly thickened, and this thicken- 
ing reaches its maximum at about the middle of the 
string, whicli proves that each particle of the string per- 
forms a to-and-fro movement in a direction perpendicular 
to the length of the string. Vibrations of this sort are 
called traufiverse, to distinguish them from Imujitudinal 
vibrations, in which each particie vibrates in the direc- 
tion of the string itself. 

Ih practical music no use is made of the longitudinal 
•vibration of strings ; the transverse vibrations only need 
here be treated of. In order better to demonstrate their 
existence, some little slips of paper, doubled in the middle 
like riders, may be placed on the string ; when it vibrates, 
these riders ^are thrown up on account of their lightness 
and* fall back again on the string, thus indicating when it 
is in a state of vibration gnd when it is at rest. I'he most 
simple form of vibration is that in which» the whole string 
performs simultaneously one single vibration. This effect 
can easily be obtained by leaving the string ^uite free, 
and rubbing it with the bow close to one of its ends. In 
that case all the riders are thrown up — first those in the 
mi(Mle, where the movement is gre^^test, and. afterwards 
the others in succession. Thiar shows '’that, with the ex- 
^ ception of the two fixed points of the string, there is no 
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point of it that does not vibrate, or, in other terms, that 
the whole string vibrates in gne single vibration. The 
note which is thus obtained from the string is the lowest 
note corresponding to it, and it is for this reason that it is 
called its fundamental note. 

But this is not the only note which can be obtained 
from the string. If it be touched at its middle with the 
finger, or, better still, with a feather (fig. 4), a note is 
obtained which is observably higher — a note which the 
musical ear easily distinguishes, and which practical 
musicians call the octavi' of the fundamental note. The 
string in this case vibrates in two parts in such a way 
that the point touched remains at rest. This fixed point 
is called a node of the vibrating string, and such A node* 

t 

has been produced artificially by touching the string 
at the point indicated. In fact, if the riders be now 
placed on the string, it will be observed in tliis case 
that the rider nearest to the finger does* not move, 
whilst 'all the others are thrown off. The rider bya re- 
maining at rest thus indicates tjie presence of the node. 

I 

Successively higher and higher notes can be obtained 

I * 

from the string by touching it at a third, fourth, and 
a fifth of^its length, &c. An exj)eriment made ‘by means 
of riders shows that in each case of this sort the string 
subdivides itself into a certain number of parts, invariably 
equal — ^in the first on-se into three, in the second into fbur, 
and in the third into five,^&c. — and the riders that remain 
on the string will indicate the equidistant nodes formed 
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in the string. Thus, for example, if the string be touched 

at oue-fifth of its length, it divides itself into five fequal 

• * 

parts, and four nodes are formed at distances of i 
of the string’s length, wliilsf at the intermediate points is 



Fig. 6. 


^found^the maximum vibratory movement (fig. 5). The 
parts of the string between the nodes which contain these 
points of maximum movement are called ventral segvunts. 



Fig. 6. 


Fig. 6 represents in somewhat exaggerated dimensions 
the diffexent modes of vibration irhich a *string assumes in 
^different cases, when it vibrates as a whole, or is divided 
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into 2, 3, 4, &c., parts. In the first case no node is 
fomed, in the others we hav^ 1, 2, 3, &c., nodes. It is 
necessary to observe that these different cases correspond 
to different, and successively higlier and higher, notes of 
the same string. 

G. Another interesting example of vibration is that 
offered by a plate or membrane. This case is somewhat 
more complicated than that of a string, but the explana- 
tion is almost the same. In fact, a plate may be con- 
sidered as an assemblage of strings rigidly fastened to- 
gether. As we obtainedc nodal points in the string, we 
ought therefore to have nodal lines in the plate, formed 
by the junction of the different nodal points. 

Chladni, who first observed these nodal lines, incKcated* 
a very simple means of demonstrating them, on which 
account the figures produced by these line^ are called 
‘‘ Chladni's figures,” Fig. 7 shows some plates, such as are 



Fig. 7 . 

generally used, fixed in ^he middle to a solid foot, which 
rests on a common bench. By sprinkling a little sand on ^ 
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the’ plate and rubbing it with a bow, musical sounds are 
obtained, unpleasant because too shrill, but always ®quite 
cfear ; and the moment the sound is produced, the sand 
dances about and collects together on certain straight 
or curved lines, which indicate the places where the 
vibratory movement does not exist : these are Chladni’s 
nodal lines. 

From the same plate very varied figures can be obtained 



Jig. 8. 


by applying the finger to suitable points, ^in order thus to 
induce a nodal point, and thence a nodal line. Fig. 8 
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contains a very beautiful series of figures, which can be 
obtaftied, according to Savart^ from a square plate of 
sufficient size. The number of these figures is rather large, 
and those here drawn represent only a small part of those 
w^hich can be obtained, especially when the plate is large. 

Membranes also vibrate in an analogous way. The 
forms of their nodal lines are generally even more com- 
plicated than those of plates, and are observed in an an- 
alogous way. The rule is tliis, that to a determinate note 
belongs a determinate figure for the. same membrane or 
plate, and that the figure is more complicated as fhe note 
produced is higher. 

No relation, however, between these phenomena, or 
rather no law that will make known the relation hetweei^, 
the figure obtained and the corresponding note, has yet 
been discovered. 

7. We have up to this point only studied the case of 
the vibration of solid bodies, but liquid and gaseous bodies 
can also produce sound by vibrating. The best-understood 
case is that of a sounding pipS, of which under many 
different ferms jnuch use is made in practice music. It 
is divided into two large categories— that of “flue” or 
“ mouth^' pipes, and that of “ leed ” pipes.* In both the 
sound is produced either by breaking up the air which is 
blown into them,, or by causing it to enter in puffs. In , 
the first and mosMmportant — ^that is,*in the flue-p^e — - 
this effect is obtained Iff a special arrangement, which is 
called the embouchure of the pipe. 



FLUE PIPES. 


17 


Fi*g. 9 represents the most common form of flue-pipe. 
By blowing through the open tube a, whether by means 
of *the mouth or by connecting the pipe to a bellows, 
a musical sound is obtained.* The pipe is hollow within, 
and open or closed at the top, according to circumstances, 
and it has its embouchure at m and Z. Fig. 10 shows better 



Fig. 9. Fig. 10. 


in section the arrangement of such an embouchure, which 
coniiists of an upper lip I and a lower lip m,^ which are 
bevelled to an edge. The air enters by Ihe tube a, passes 
into^he box 6, and breaks through a narrow fissure against 
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the upper lip I, It partly enters the pipe, and induces 
vibrations, and produces a very clear and agreeable sound. 
Fig. 11 gives an example of a reed pipe. The air, which 
enters by r, is obliged, in order to get to the larger tube E, 
to pass through a special apparatus, the reed, of which fig. 12 



Fig. 11. 


Fig 12. 


gives the detailed arrangement. The box cud) is closed in 
the middle by a small, thin, elastic, metallic plate d, cailed 
the tongue. Whai this is lifted up, the air passes through 
the fissure «j when the tongue springs back by its own 
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elasticity, it closes the passage. The vibration of the 

tongue induces a rapid opening and closing of this fissure ; 

• * 

the air penetrates at intervals, in regular puffs, and thus 
a sound is obtained. Whetlier the first or second kind of 
pipe be used, if wo blow hard the sound is loud ; it be- 
comes feeble if we blow gently, and in this last case the 
note is the lowest that the pipe can give, for which 
reason it is called the fundamental note of the pipe. 

This note depends on the dimensions, and, above all, on 
the length of the pipe, and also on the nature of the gas 
that ehters it ; so that to determinate dimensions and to 
a determinate mode of blowing corresponds a determinate 
fundamental note. When the blowing is stronger, it may 
» liappeti that the pipe will give a different note from the 
fundamental note. This happens especially if the pipe is 
very narrow for its length ; it is easy to prevent this by 
giving to the tube a sectional area proportioned to its 
length, accorjjing to certain rules suggested by practice. 

\ pipe, then, may be constructed at pleasure •which 
will give by preference the fundamental note, or one 
which will .give by preference higher notes! ^ Sometimes 
file one case and somelimes the other is utilised in prac- 
tical music. 

.In fact there are instruments, both with embouchures 
and with reeds, in which each pipe is intended only to give 
its fundamental note — as, for example, the organ, in all the 
various and complicated forms wjiich it dkn assume. Many • 
wind instruments — as the trumpet, trombone, &c., and also 
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the flute — are pipes, each one of which is intended to give 
a sejies of notes. This is attained by giving the instru- 
inents great length in proportion to their other dimensions 
and turning and twisting the pipe when too long in order 
to give it a more convenient form. Like a vibrating string, 
a sounding pipe thus gives a series of notes successively 
higher and higher. It is enough for this to strengthen 
the current of air ; but a better and quicker effect is ob- 
tained by opening a communication with the external air 
at suitable points by means of pistons in the cornet, and 
by means of the fingers and of the keys in the flute!*. The 
effect may be compared with that obtained when a point 
in a vibrating string is touched by the finger ; a node is 
established, and the vibrating column of air subdivides ^ 
into a certain number of parts, according to simple rules, 
which vary, however, with the nature of the pipe. 

The flute and organ pipes for the most part are flue- 
pipes, but in the first the embouchure is forayed both by 
the instrument itself and the lip of the player. JThe 
clarionet, the oboe, and all the trumpet class, are reed 
instruments^;* these last have a little funnel ag^iinst which 
fhe lips are placed, which by vibrating act as a reed. 

All th^ various different-shaped pipes are divided into* 
open and stopped. Besides certain very characteristic 
differences, the note produced by the two kinds of pipes 
is, cceteris ^aribiis, different in pitch. Two pipes of Jbhe 
same shape and dftnmisioqp, the one stopped and the other 
open, give two fundamental notes which are to each other 
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as the fundamental note and its octave. If therefore an 
open pipe be stopped, its note descends to the octave 
below ; and if a stopped pi^e be opened, its note rises to 
the octave above. 

Many different methods may be used to demonstrate 
the vibration of air in a pipe. One 
method is to introduce into an open 
pipe, one wall of which is of glass, 
by its upper end a light, well- 
stretched membrane of paper m on 
which* some sand is sprinkled (fig. 

13). The note is slightly altered 
by the introduction of this ex- 

' tranedus body, but nevertheless 
continues to exist, and through the 
glass wall it may be observed how 
the sand is thrown up with some 
noise, because the vibration of the 
air ia communicated to the paper 
membrane and thence to the sand. 

At the middle point of the pipe 
*the movement of the sand ceases, 
which shows that at this point 
there is a true node, and also that 
th. dwicmg ot tie sand is not 
produced by air in a stream, but on^ by air in a state of 
vibration. 

^ Another simple mode of demonstrating the vibration 
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of the air is the following: A tube rather long for its 
sectional area is taken, in whicji one wall is made of very 
thin flexible wood. By blowing into it with some violence, 
a note is obtained much higher than the fundamental 
note of the pipe. The air in vibrating communicates its 
vibrations to the flexible side of tlie tube. Therefore, if 
the pipe be held horizontally, and sand be sprinkled on 
the flexible side, the sand will dance about and accumu- 
late in certain lines which are true nodal lines, and indi- 
cate exactly the way in which the air is vibrating in the 
interior of the pipe. , 

Another method of some importance has been pointed 
out by Kundt. Take a tube of glass of sufficient sectional 
area and about two metres long. Some light powdet, such « 
as lycopodium or cork dust, is poured into the interior of 
the tube, and distributed over it fairly evenly. The tube 
is then stopped at the two extremities with corks ; it is 
then held firmly by its middle with one hanjJ, •whilst it is 
rubbed with a slightly wetted cloth with the other., A 
very sharp clear note is then formed ; the vibrations of 
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the tube are transmitted to the enclosed air, and the Ught 
powder distributes itself regularly in the way indicated in 
fig. 14, where a portion of the tube is represented. The ^ 
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circles are nodes, and between them the powder shows 

real transverse lines. • 

• • 

The form of the figure, and especially the distribution 
of the nodes, depends on various circumstances — on the 
dimensions of the tube, on the note which can consequently 
be obtained from it, and on the gas which is enclosed in 
the tube. In this respect Kundt's method is susceptible 
of great accuracy, and is widely applicable, enabling us 
to deduce the velocity with which sound is propagated 
through different bodies. 

8. The mechanician Konig has recently devised a very 
elegant novel method of demonstrating the vibrations of 
the air in sounding pipes — ^viz., that by means of the 
^ manoiUetric flame. Tig. 15 gives a sufficiently exact 
idea of the apparatus contrived by him. One or more 
pipes, equal or unequal (in the annexed drawing they are 
equal A and B), are mounted on a small box &, which acts 
as an air-cbe^t. The indiarubber tube a puts it in com- 
muiycation with a blower. The valves v serve to «et in 
action at will either pipe or both together. In the pipe 
itself a hok is made and closed again ^by% capsule e, 
ffnder which is a flexible* elastic membrane which serves 
to separate the interior of the pipe from the interior of the 
capsule, which is put in communication on one side with a 
gas-tube c by means of the small tube d, and on the otlier 
with the small tulJe /, which ends in a gas-bumer. The 
gas then enters the capsule, fills jt, ancl p*asse8 through the 
small tube and the burner. Lighting it, then, at the burner, 
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a small flame is obtained. If the pipe is not sounding, the 
gas passes quietly through the capsule, and gives rise to a 
quiet and normal flame. If, on the other hand, the pipe 



mr 16 . 


produces its note, the movement of the vibrating air is 
communfcated to the membrane, from it to the gas, and 
thence to the flame. When the pipe produces this note, 
it will be seen that the flame lengthens, grows restless 
and more .blue, and by aU its behaviour indicates seme- 
thing abnormal. * This proceeds &om the fact that the 
flame, takes part in the vibrations of the air in the ppe. 
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It rises and falls rapidly, and as this movement, on account 
of its rapidity, cannot be followed by the eye, only a Com- 
plete image of the flame is seen, an image caused by the 
superposition of the partial short and long flames. 

In order readily to observe the vibrations of the flame, 
recourse is had to a means often made use of in physics. 
Behind the flames is placed a four-sided box of looking- 
glass S, which can be rapidly turned round a vertical axis 
by means of a handle and a system of toothed wheels. 
When the flame burns steadily, a continuous luminous 
band iS formed in the turning mirror, because to each 
position which the mirror takes up in its rotation, there 
corresponds a similar image of the flame. If, on the other 
hand, ttie flame vibrates — ^that is to say, if it is sometimes 
short and sometimes long — there will correspond to cer- 
tain positions of the mirror long, and to others short 
images, and there will be seen in the turning mirror long 
and short imqges succeeding each other (fig. 16, a). 

T^e short flame is confounded sensibly with the lumin- 
ous mass, because the lower part 
of the flame does not take much 
|5art in the vibrations.’ But the ® 

long flames are seen clearly sepa- 
rated one from the other; whence j > 

the phenomenon presents the ap- 
peanance of septate and equal 
flames, as is shown in fig. 16. yhis method gives a clear 
idea of what happens in the interior of the pipe, and if 
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care be taken to darken the room in order to remove all 
other reflections from the mirror, the experiment becomes 
perfectly visible even to a very numerous audience. A 
smaller pipe may now be used, which gives a note exactly 
an octave higher than that of the first.' 

When the apparatus is set in action in the same way as 
at first, it will be observed that the vibrating flames are 
considerably nearer together. In general terms, the higher 
the note, for an equal speed of the mirror, the nearer 
together are the flames — that is to say, the more rapid are 
the vibrations of the air in the pipe. This is a very 
important law, which will require furtlier study later on, 
but which it is useful to have already demonstrated by this 
elegant experiment. We may even go farther, anA deter- ^ 
mine the ratio between the numbel* of vibrations per 
second of the two pipes. Setting them both in action 
independently of each other, two series of flames are 
obtained one over the other (fig. 16, a 6).^ And with a 
little •attention it will be seen that with whatever velocity 
the mirror be turned, two images of the lower line cor- 
respond togone image of the upper line. Thig conclusion 
may then be arrived at, that the octave is always compost 
of a nvM)er of vibrations per^ second double ihat of the 
fundamental Twte. 

9. Similar demonstrations might be continued, for, in 
truth, examples are not wanting. A few only of the more 
important have been citeij, and these will sufBce to demon- 
strate the point to he settled in this chapter. Wherever 
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there is sound, there is always vibration ; whence it may 
be concluded that sound and vibration are concomitant 
phenomena. The vibration may come from a solid, a 
liquid, or a gaseous body ; but there is no known case of 
sound, witliout vibration of material bodies. It does not 
necessarily follow that all vibrations must produce sound. 
In order that this may happen, they must satisfy certain 
special conditions, which will be considered later on. But 
up to this point we may say, that wherever there is sound 
there is vibration. But vibration is objective : it exists in 
sounding bodies independently of the listener. 

Sound, on the other hand, is produced in our ears, and is 
therefore subjective. To a deaf man the vibration exists, 
but the^sound does not. He would be able to study the 
vibration, though entirely ignorant of the fact that it pro- 
duces a special sensation on our normal organisation. 
Brom this we may conclude that vibration is tlie cause and 
smnd the effec^ produced on our ears, or in other words, 
that §ound is the result of certain forms of vibration of 
bodies. 



CHAPTER II. 

1. Transmission op sound— 2. Propagation in air — 3. In water and 

OTHER BODIES — 4. VELOCITY OP SOUND IN AIR — 5. In WATER AND 
OTHER BODIES — 6. REFLECTION OP SOUND — 7. ECHO. 

1. We possess in our organisation a special instrument, 
the ear, adapted for perceiving sounds. But if the vibra- 
tions of the sounding body are the cause of sound, the 
question arises, How do these vibrations ultimately reach 
our ears, so as to produce the sensation of sodhd ? A 
vibration evidently could not be 'propagated if there 
were no medium fit to propagate it. This medium is 
generally air ; but it may also be any other solid, liquid, 
or gaseous body, so long as it be elastic. Elasticity of the 
body* is a necessary condition, not only for the forn^ation 
of sound, but also for its transmission : sipce a vibration 
can only iTe pjopagated by transmitting its own move- 
ment to the layers of the medium nearest the vibrating 
body ; these layers communicate it to fresh layers in their 
neighbourhood, and so on. 

Vibration seems, then, to travel from layer to layer, and 
when circumstances permit, in every direction. The vibra- 
tory movement* is* nottpossible if each particle of the 
transmitting medium be not able to vibrate on its own 
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account — that is to say, if the medium he not elastic. 
And thus the power that a ]?ody possesses of transmitting 
sound constitutes one of the surest criteria of its elasticity. 

A very clear idea of the transmission of a vibratory 
movement may be obtained by observing a large surface 
of water at rest. On throwing a stone into it, a series of 
concentric waves is seen to start from the point struck by 
the stone, which as they grow larger, become less distinct, 
and end by becoming imperceptible. It would be a mis- 
take to suppose that the water itself moved from point to 
point. Each particle remains, so tp speak, at its post, and 
only executes a vibration perpendicular to the direction 
of the wave ; having accomplished which, it is at the very 
same pcKSt as before. It is easy to demonstrate that this 
is so, by throwing on the water some sawdust or other 
floating body, when it will be observed that it is lifted by 
the vibratory movement which passes under it, without 
being sensibly, displaced. It is, then, only the vibratory 
moveqient which moves from one point to another,* and 
not the body itself or any part of it. 

The case oi several vibratory movement^ wliith coming 
fr^ different points strilse against or across each other, 
is more complicated, and at^the same time more ftiterest- 
ing. . If two or more stones be thrown into still water at 
different points, two or more systems of waves are formed, 
which, as they grow larger, join together. Experience 
shows that at each point commc^ to Wo waves moving 
in opposite directions, there are special phenomena, called 
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interference. But beyond these points, each wave is pro- 
pagated exactly as if the other did not exist, and never 
had existed. ^ 

This is the great principle of the coexistence of vibratory 
movements, a principle discovered by experiment and 
proved to demonstration by mathematical analysis. It is 
applicable to all cases, whatever be the elastic body 
examined, and whatever be the nature of its vibrations. 
Applied to the case of sonorous vibrations and air, it leads 
to this conclusion : that twenty, thirty, a hundred different 
sounds may be transmitted in every direction without 
reciprocal disturbance. 

2. In order to demonstrate that air is really able to trans- 
mit sound, use is made of a glass globe, into whiSh a rod 
of brass penetrates, carrying at its lower 
extremity a little bell c (fig. 17) attaghed 
by means of an inelastic cotton thread. 
The globe is furnished with a stopcock 
a in its neck,^ which enables it ©to be 
opened or closed. If the air be ex- 
hausted from the globe as thoroughly 
as possible by means of^ an air-pump, 
the globe, aHd thence the bell, may be 
shaken with any degree of violence with- 
out any sound being heard. By holding the ear, how- 
ever, against the ^lobe, a very feeble sound is heard, 
the reason of which is^ that the air is not completely 
exhausted, and that the cotton thread by which the beU 
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is suspended is not completely devoid of elasticity, and 
therefore transmits the sound, though but slightly, ^ut 
the phenomenon is very faint, and is imperceptible at a 
very short distance. If the stopcock be opened for an 
instant and again closed, a little air will enter the globe, 
and the sound of the bell will begin to be heard. Its 
vibrations now find an elastic medium, which, although 
^ very rarefied, is able to transmit them at last to the 
glass envelope of the globe. The glass, which is very 
elastic, transmits them to the external air, and thence 
to the ear of the observer, and therefore the sound 
is heard, although feebly. If the stopcock be again 
opened, and left open so that the air can enter freely, 
the souifd will grow louder, and when the air in the globe 
has reached the same 'density as the external air, the bell 
will be heard with its full loudness. This experiment 
shows that air is able to transmit sound, that in this 
case it was nejcessary for such transmission, and that it 

transmits sound better as its density is greater. • 

* • 

3. Not only air, but all solid, liquid, and gaseous 
bodies, are able, if elastic, to transmit sonoj ous* vibrations. 
It^is a well-known fact tliat if, w'hen bathing in the sea, 
the head be. plunged unde» water, or even the ea^s only, 
the noise produced by the water striking against the 
rocks is distinctly heard. And it is an equally well- 
-known fact, that to "hear a distant noise produced by the 
passage of men or animals, the e§r must Ibe held to the 
ground ; which shows not only that the earth transmits 
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sound, but that in some cases it transmits it even better 
thail air. 

Almost all known bodies are able to transmit sound, 
and metals are best of all adapted for this purpose. This 
transmission succeeds best when the sound is circum- 
scribed and obliged to travel in one direction only. This 
is not the case for a bell sounding in the open air ; the 
sound is transmitted in every direction, and soon grows 
feeble. But if, on the other hand, the transmission takes 
place in one direction only, a sound, although feeble, may 
be heard at a great distance. It is on this principle that 
are founded the acoustic pipes, or ^eahing-tuhes, in common 
use. These are cylindrical tubes, generally of gutta-percha, 
which are arranged from point to point as may be Required, 
with this condition, however, that 'they should not have 
sharp curves. If words be spoken at one end, the sound 
is transmitted from layer to layer of the enclosed air, and 
easily reaches the other end ; communicatipn can thus be 
made between two distant parts of a building. Theoreti- 
cally, there is no limit to such transmission in cylindrical 
tubes ; irb practice, however, the sound grows gradually 
weaker in long tubes, because^ the vibrating air loses a 
part of ®its vibratory movement by friction with the sides 
of the tube. Very long distances may nevertheless be 
attained. 

An elegant experiment on the transmission of sound 
is that described 4)y JfffieatstoTte. A rod of wood several 
yards in length passes from one room to another — for 
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example, from one room to the room on the floor below. 
In order to preserve it from contact with other bodies, it 
is surrounded by a tin tube and by indiarubber, but the 
two extremities are left free! One extremity is put in 
communication with the sounding-board of a pianoforte 
or other musical instrument, and transmits all its notes 
to the other extremity. To make these perceptible, it 
^need only be fixed to some other instrument — a violin, 
harp, or pianoforte. The effect is astonishing; a piece 
of music played in the other room or other floor is 
perfectly heard. 

4. This being so, the following questions now present 
themselves : With what velocity is sound transmitted in 
different bodies ? Is it great or small ? Is it the same 
for all bodies ? 

By velocity is meant the space passed over in a second 
of time ; as an example, let us investigate the space passed 
over by a sgnorous vibration in one second of time in air. 
It is a well-known fact that this velocity is not great. 
In fact, when a man sdme distance off strikes an anvil 
with a hami^er, the movement of the hammer' is first seen 
a&d then the sound is heard ; and if the distance is rather 
great, the lapse of time between the moments »t which 
the blow is seen and heard becomes very considerable. 
The firing of a caimon a long distance off is announced 
first by the flame produced by the explosion of the powder, 
and only some time afterwards by the report. Similar 
examples are very numerous. They demonstrate that 
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sound is transmitted much more slowly than light, and 
thai the velocity of sound in each case cannot be great. 

The method of determining* the velocity of sound is in 
itself very simple. It maf be done by merely placing 
two cannon at two different stations as far apart as pos- 
sible, and having exactly measured the distance between 
them, firing them at previously-arranged moments, and 
observing by means of a stop-watch the moment at which 
the report from the first station reaches the second, and 
vice versa. The time which the sound takes to pass over 
the space comprised between the two stations is thus 
ascertained, and further, the distance between the two 
stations being also known, the required velocity is found 
by dividing the latter by the former. Such experiments 
must be made at night, so as not to be disturbed by other 
noises. They ought, further, to be made on calm nights 
when there is no wind, because wind, which is merely a 
change of place of a great mass of air, ^increases or 

c 

diminishes the velocity of sound according as it is favour- 
able or unfavourable — ^that is to ‘say, according to whether 
its direction is the same as, or contrary to, the direction in 
which the soun"!! is transmitted." But as it is impossible 
to be qi^ite free from wind, the^ cannon are fired first from 
one station and then from the other, because in this case 
the wind will be favourable to the transmission of the 
one sound, and unfavourable to the transmission of the 
other. One of "the two velocities will then be too great, 
the other too small, an5 the mean will represent a very 
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close approximation to the value which would have been 
found had there been no wind. 

Experiments of this kind have often been performed. 
We may note especially those made by members of the 
French Academy in the year 1822 between Monthlery and 
Villejuify those made by Moll and Van der Beck, and lastly, 
those lately made by Regnault with much more perfect 
means. 

The result of these experiments is, that the velocity of 
sound in air, at a temperature of 0® C. (32® F.), may be 
fixed in round numbers at 330 metres’^ in a second 
of time ; and that this velocity increases regularly with 
the temperature, so that at a temperature of 16® C. 
(60*8® F.) it is about 340 metres per second. It was 
not at first known •that it is rather greater for loud 
sounds than for feeble ones. However, this difference 
observed by Regnanlt is very small, and may be neglected 
in most cases.^ To confirm the influence of temperature 
on the velocity of sound, we may here notice the 
experiment made by Captain Parry in Melville Island, 
lying in the •middle of the group of islands *i^ar North 
America, from which it results that for the very low 
temperatura of 38*5® below ^ero C. (37*3® below 0®*F.), the 
least velocity was 309 metres per second. 

Another question is this. Are low and high notes pro- 
pagated with the same velocity ? Listening to a military 
band playing at a distance, it will b^ observed that the 
* One metre is equal to 8*28 feet, Le,, to about 8 feet 8 inches. 
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piece of music which is being executed completely pre- 
serves its rhythmic movement. The notes reach the 
observer enfeebled by a great distance, but they maintain 
exactly the same consecutive order. This, however, would 
not be possible if the different notes, whether high or low, 
had not the same velocity. Biot endeavoured to make 
more accurate experiments on this point by causing a 
known and very simple melody to be played on a flute in 
such a way that the sound entered one of the water- 
pipes at Paris. On listening at the other end of this 
very long pipe, he found the rhythm of the melody un- 
altered. It is not at all impossible that still more accurate 
experiments may reveal some such small difference in 
this respect as was found for loud and feeble sftunds in 
certain of Eegna%iWs experiments,' but the difference 
would be certainly very small, and might in most cases 
be neglected. 

5. The velocity of sound in water has been determined 
by Colladon and Sturm in the Lake of Geneva. A bell 
was suspended under water and sounded at known mo- 
ments ; aj. h long distance from this a tube.,was led into 
the water from the boat, in which was the observer. TJie 
lower end of the tube was much enlarged, like a colossal 
ear, and was closed by means of an elastic membrane, 
which was completely under water. The sonoroiis ■vibra- 
tions from the bell were propagated through the water to 
the membrane,*anfl fro^ it to the air in the tube. The 
observer holding his ear to the tube, distinctly perceived 
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the sound. Whence, by measuring the distance from 
the bell to the observer, andjihe time occupied by the sound 
in traversing the whole distance, Volladon and found 
a velocity of 1435 metres per second. The velocity of 
sound through water is therefore appreciably greater than 
through air. 

Many other experiments have been fried in order to 
. arrive at the velocity of sound in different bodies. It 
would be impossible to enter into further details on these 
points without overstepping the limits I have laid down, 
the more so as the methods employed in these researches 
are very various, and require a somewhat profound know- 
ledge of the theory of sound. I wish therefore to limit 
myself* to the statement, that the velocity of sound is 
small in gaseous bbdies, such as air, and is smaller in 
proportion as the gas is more dense ; that it is therefore 
the smallest possible in carbonic anhydride [262 metres 
per second}, yhich is a gas one and a half times denser 
thai^ air, and the greatest possible in hydrogen [1269 
metres per second], a gas which is fourteen times less 
dense than* air. In gas an increase of* temperature 
Considerably increases tlie velocity. 

In liquids the velocity is, generally speaking, sensibly 
greater than in gas [with the exception of hydrogen]. In 
solids it is found to be still greater, especially in metals, 
in which it rises as high as twenty times the velocity in 
air. But increase of temperaty’e generally considerably 
^ diminishes the velocity, except in iron, in which at first 
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the velocity increases with the temperature up to 100® 
C. ^212® F.), and then rapidly diminishes. 

These differences and these anomalies arise from the 
intimate structure of the various bodies, and from the way 
in which this structure varies with temperature. The 
velocity of sound depends on two quantities — on the elas- 
ticity and on the density of the body ; it increases when 
the first increases and when the second diminishes. But . 
as the laws according to which elasticity and density 
vary with the temperature are very various, especially in 

solid bodies, it follows that the variations of the velocity 

< 

of sound in solids must also follow complicated laws. 

For different kinds of wood there are very different 
values, according to the direction of the fibre anfl of the 
rings. The following table contains i^me results obtained 
in this respect, and will serve to render the above explana- 
tion more clear : — 

VELOCITY OF SOUND IN VARIOUS BOyOfES. 

Metreg per 
Seeond. 

jur . « »» 

Oxygen • c (32® F.), according to Duit)ng . 317 


Hydrogen . „ 0* C. (32° F.) • „ » . 1269 . 

Common gas „ 0® 0. (32® F.) „ „ . 314 

Seine water „ 16® C. (69® F.), according toWertlieim 1437 

Sea-water . „ 20® C. ('68® F.) „ „ . 1453 

Absolute alcohol „ 20® C. (68® F.) „ ,, .1160 

Ethyl aether. „ , 0® C. (32® F.) „ „ . 1159 

Lead . . „ 20°t). (qp°F.) „ „ . 1228 

„ . . „ 100° 0. (212° F.) „ „ . 1204 
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Hdtres per 
Second. 

Gold 

at 20° C. (68° F.), according to Wertheim 

1743 

v • 

„ 100° C. (212° F.) 


» • 

1719 

9f • 

„ 200° C. (392° I*) 

99 

99 • 

1634 

Silver 

„ 20° C. (68° F.) 

99 

99 

2707 


„ 100° C. (212° F.) 

99 

99 

2639 


„ 200° C. (392° F.) 

99 

99 • 

2477 

Copper . 

„ 20° C. (68° F.) 

99 

99 

3556 

99 • 

100° C. (212° F.) 

99 

99 

3292 

99 • 

„ 200° C. (392° F.) 

99 

99 

2954 

Iron 

„ 20° C. (68° F.) 

99 

99 

5127 

99 • 

„ 100° C. (212° F.) 

99 

99 * 

5299 

99 • 

„ 200° C. (392° F.) 

99 

99 • 

4719 

Cast steel . 

„ 20° C. (68° F.) 

99 

99 

4986 

j» • 

„ 100’ C. (212° F.) 


99 

4925 

99 

„ 200° C. (392° F.) 

99 

99 • 

4788 

Acacia wood along the fibre 


• , 

4714 


across the rings 


, , 

1475 


with the rings 


. 

1352 

Pine in the direction of the fibre 

. , 

. 

3322 

„ across the rings . 

• • 

• 

1405 

with the rings , 

• • 

• 

794 


6. When a sonorous wave strikes against an obstacle, 
it exhibits the «ame phenomena as an elastic body striking 
an elastic wall. The sonprous wave is reflected in such a 
way that the angle of incidence is equal to the angle of 
reflection. The angle formed by the ray«of softnd which 
impinges on the wall, with the perpendicular to the wall 
drawn from* the point at vhich it impinges, is called the 
angle of incidence. The angle formed by this perpendi- 
cular with the reflected ray of sound is called the angle of 
.reflection. By means of this law the direction taken by 
a ray of sound after its reflectiottcan always be perfectly 
determined. 
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An innumerable quantity of phenomena of reflection 
exist. The two most distincj) forms are resonance and 
echo. When a sound is pisqduced in a closed chamber, 
the sonorous waves are propagated in every direction, 
strike against the walls of the chamber, and are sent back 
from them by reflection, and can be repeated several times 
from one wall to another. An observer within the cham- 
ber will hear not only the sound which comes direct from . 
the sounding body, but will also receive the vibrations 
which come by reflection from all parts of the chamber. 

The sound is thus repiarkably strengthened, and this is 
the reason why it is easier to hear and to make one’s self 
lieard in a closed room than in an open space. 

Evidently in such a case the sound will not onljr return 
strengthened, but even altered; because the reflections 
from the walls, on account of the low velocity of sound, 
require some time, and prolong the sound more or less 
considerably. If the Chamber be small, this prolongation 
is not considerable and can be ^neglected; but whe^i the 
chamber assumes large proportions — as, for example, in a 
theatre — euch note spoken, sung, or played,*may be con- 
siderably prolonged: it is confounded with^the next note, 
and this^phenomenon of resonance may become extremely 
troublesome unless it be remedied. This happens in all 
large, enclosed, empty places, where reflection takes place 
freely. There is only one way to prevent it, which con- 
sists in breaking up the Jarge walls. The seats of a theatre, 
the decorations between them, the galleries, even the 
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hangings, serve not merely for the accommodation of the 
spectators and for the intejrnal beauty of the theatre,* but 
also fill an even more impqftant office — viz., that of pre- 
venting the disagreeable resonance of the place. It is one 
of the most difficult problems for an architect to construct 
a room on proper acoustic principles — ^that is to say, a room 
in which sound shall be considerably strengthened without 
.degenerating into resonance, and it maybe said that up 
to the present time this problem has been solved in very 
few theatres in a satisfactory way. 

The reflection of sound has Ijeen utilised in various 
ways; nature and art have combined to solve some 
problems not deficient in interest. The celebrated ear of 
Dionysfus” is well known; it is a sort of hole excavated 
in the rocks near Syracuse, where the least sound is trans- 
formed into a deafening roar. The great dome of St Pauls 
Cathedral in London is so constructed that two persons at 
opposite pointy of the internal gallery, placed in the drum 
of thp dome, can talk together in a mere whisper. The 
sound is transmitted from one to the other by successive 
reflections along the curve of the dom^ Similar phe- 
nsomena are often met with under the large arches of 
bridges, viaducts, &c. ; and there was a peridd when 
problems of this nature were much sought after, and 
often solved, by architects. It is for this reason that 
whispering - galleries, speaking - pipes, &c., are so often 
met with in old houses. . 

An elegant mode of demonstrating the reflection of 
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sound is by the use of two parabolic reflectors MN 
(fig? 18), placed one opposite the other in such a way that 
their centres shall be on the straight line AA'. Placing a 
sounding body at a particular point F, called the focus of the 
reflector MN, the sound-wave strikes against the reflector, 
is driven back thence by reflection on to the second 



Fig. 18. 

reflector, and by it is concentrated on to its own focus F'; 
that is to say, the ray FC is reflected in the direction CC', , 
and by a second reflqption along C'F'. Each of the 
remaining rays is reflected in the same way, and they all 
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concentrate at F'. An ear placed at this point distinctly 
perceives a very slight sound made at F, by meaiis of 
the reflectors and of the ^^double reflection which they 
give, whilst without the mirrors it would only be possible 
to perceive the ray FF', which is much too feeble by itself 
to excite a sufficiently strong sensation. 

Another case of multiple reflection is met with in 
. the famous Baptistry at Pisa, a building surmounted by 
a narrow cupola of peculiar form. Placing one’s self 
under the cupola inside the Baptistry and singing a note, 
the sound is prolonged for a very ponsiderable time ; there- 
fore by singing three or four notes in cadence, by the effect 
of the reflections, a most beautiful chord is heard, as if 
from aA organ, which is considerably prolonged. 

7. The best understood of all the cases of reflection is 
that which is called echo. In order that an echo may be 
produced, it is necessary that there should be, at some 
distance from, the observer, a large vertical wall, or some 
other^object — as, for example, a rock — which roughly re- 
sembles a wall. A sound sent by the observer towards 
the wall returns from it by reflection, aiyi if^ hhe distance 
jftissed over by the sound be sufficiently great, the reflected 
sound will be clearly separated from the sound'^ uttered. 
Tlie velocity of sound being, at our ordinary temperature, 
about 340 metres per second, the tenth of tliis is 
34 metres. But experiment shows that about five 
syllables are pronounced in oi^ second, therefore the 
time necessary to pronounce one syllable is one-fifth of a 



44 


THE THEOEY OF SOUND. 


second. In this time sound passes over twice 34, or 
68 itietres. 

t 

It follows that, if the rejecting wall be at a distance 
of 34 metres from the observer, one syllable when pro- 
nounced would take ene-tenth of a second to be trans- 
mitted to the wall, and another tenth of a second to 
return to the observer; in all, therefore, one-fifth < of a 
second. Therefore the echo would reach the ear of the 
observer after the syllable had been pronounced, and 
therefore separate and distinct. In this case the echo is 
called monosyllabic; it js called dissyllabic when two syl- 
lables can reach the observer distinctly. This happens 
when the wall is at twice the distance — ^that is to 
say, at a distance of about 68 metres. At a triple distance 
an echo may be trisyllabic, and so on. An echo may 
also be multiple, when the sound is reflected from two 
parallel walls, placed at a sufficient distance from each 
other. The most interesting cdse of this sort is certainly 
that of Simonctta, near Milan, ^ a villa with two l^-teral 
wings. The report of a pistol is repeated as often as 
thirty-two^time®. 

Examples of echoes are found almost everywheife. 
Their explanation is always easy ; it seems therefore use- 
less to dwell longer on the point. 



CHAPTER III. 


1. Charaoteristics of bound, and difference between musical sound 

AND NOISE — 2. Loudness of sound, and the various causes on 

WHICH IT DEPENDS — 3. PRINCIPLE OF THE SUPERPOSITION OF SOUNDS 

— 4. Sounding-boards and resonators. 

1. All the different musical sounds in nature, whatever 
may he their origin, and by whatever means ^ley may 
be propagated, may be distinguished from each other by 
three different qualities. 

Firstly, By the greater or less energy by which they are 
produced, or by their loudness. 

Secondly, By their 'pitch. 

Thirdly, By ^ certain characteristic difference, by which 
even an almost unpractised ear easily distinguishes the 
sound of the violin from that of the flute, that of the 
pianoforte from that of the human voice, (S^c., evan though 
these sounds are all of the same loudness and the same 
pitch. This characteristic difference is called "q^uality,** 
“ tonje,” or timire,” 

We ought, then, to examine on what these three different 
characteristics of sound depend. But before entering into 
this important matter, it is nec^sary to explain what is 
really meant by sound, when its qualities are spoken of. 
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A distinction is generally made in physics between sound 
and ^ noise, Sound is the result of very regular vibrations 
which follow a law, complicated perhaps, but still a law. 
When the vibrations assume the simplest possible form — 
viz., that offered by the oscillations of the pendulum — the 
resulting sound is called simple, or a simple note ; if the 
law be more complex, the sound is called compound, or a 
compound note. Noise, on the contrary, is a mixture of 
sounds collected together under no law, or under some 
law so complicated that the ear neither- understands nor 
feels it. It follows that in most cases it is easy to dis- 
tinguish the one from the other, but the limit between 
sound and noise is not always so clearly drawn. That which 
is a sound to one, is a noise to another, and vice verbid. The 
confused sound produced by the movement of the waves 
of the sea is generally considered to be a noise ; but an 
attentive and practised ear distinguishes determinate 
musical sounds, and finds a mlisical meaning. Thus the 
poets speak often, and not without reason, of the harmony 
of the waves. An orchestra, when the individual instru- 
mentalist^* are tuning their instruments and preparing to 
play, produces a noise which may perhaps be considered ^s 
the line^'of demarcation between musical sound and noise. 
In fact, there really is a considerable amount of music in 
it, although perhaps somewhat irregular, and the general 
impression produced is by no means disagreeable. 

A fine or practised ea^ is able to pick out a determinate 
Qote from the midst of a confused noise. Often those who 
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have not the iiilhit are not aware of the presence of a more 
marked note in the midst ^ of so many others; but with 
very little attention it become easy to recognise it. 

In order to demonstrate this fact, use is made of 
a series of eight small boards, which are all of the same 
length and breadth, and which differ only in thickness. 
If one of these boards be allowed to fall on a bench, most 
people would be unable to distinguish any note in the 
noise of the blow. But a very marked note is there. To 
make it, however, perfectly evident, the eight boards may 
be allowed to fall one after another, They are tuned so as 
to produce the musical scale, which will be perceived very 
distinctly. It follows that in the confused noise, produced 
by the fSll of each board, there is a note, which at first is 
not easily perceived, Hut which is nevertheless sufficiently 
clear and distinct. 

In the study which we have now commenced, I shall 
always consider, musical sdunds, or notes, and not noises, 
becausQ the attempt to determine the quality of a noise 
would be meaningless. It has no definite pitch, loudness, 
or timbre, 

2. This being so, let us now investigate what may be 
the causes on which the modification of the loudness of 
musical sounds depends, or by which it is produced. The 
loudness depends, in the first place, on the greater or 
less energy by which the sound is produced. Now, all 
the experiments described in the egrlier part of this work 
show that greater energy produces a more marked vibra- 
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tory movement in the particles of the soiiorous body, in 
the" sense that each vibrating particle traverses a longer 
space. The law of isochropism of vibrations shows that 
the duration is independent of the space passed over, 
within a certain approximation, which is generally con- 
sidered sufficient. Wo will call the greatest space 
passed over by each particle the amplitude of its vibration, 
therefore we may say that the greater or less energy by 
which a sound is produced only influences the amplitude 
of the vibrations, and not their duration. In other words, 
the loudness of a sound is represented hy the amplitude of the 
mirations causing it. 

The loudness of a sound depends also on the nature and 
density of the body which is to transmit it. In fact, a 
sounding body is heard in different degrees of loudness, 
according as the sound is transmitted by air, some other 
gas, water, or some other liquid or solid body. As to the 
density, it is enough for me ter refer to #the experiment 
described in the second chapter, of a bell under ^ a glass 
receiver. When the air is completely exhausted, the sound 
can scarc«5ly bq heard, and the sound becomes stronger and 

c 

stronger as the air is gradually allowed to enter the receiver. 
The loudness depends, again, on the distance of the 
sounding body. It is a general law of nature, confirmed 
by numerous experiments and by theory, that all those 
phenomena, whatever they may be, which have liie 
property of being transmitted equally in all directions, 
must follow the inverse ratio of the square of the distance. 
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Sound belongs to precisely this class of phenomena — 
in fact, under like conditions, it is transmitted equaUjf in 
every direction. It follows that its loudness must vary 
inversely as the square of the distance ; which means that 
a sound that has a given loudness at a certain distance 
is found at double the distance to have a loudness four 
times less— in other words, its loudness is reduced to one- 
fourth. At three times the distance the loudness would 
be one-ninth, and for a distance twenty times greater, the 
loudness would be of the original loudness. 

3. The loudness depends, again, on the presence of other 
bodies, capable of vibrating together with the principal 
body. We have already seen that sound is stronger in an 
enclosed ^lace than in an open one. This arises from 
the multiple reflcctiod in the interior of the place, by 
which the vibrations which exist within it are not able 
to disperse, and therefore come in greater number to the 
ear of the obseryer. This is only a particular case, treat- 
ing rather of the conservation of existing vibrations than 
of the creation of new ones. 

But experiment shows that whenever a body wibrates, 
oth«r bodies placed near it are able to enter into a state 
of vibration, on this condition only, that such lodies shall 
he capable by themselves of produciTig the same note. This 
interesting fact, which deserves a moment’s consideration, 
may be demonstrated in many ways. 

Take a sonometer on which ^wo equal strings are 
stretched, tuned to give the same note. In order to show 

" D 
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whether they are in a state of vibration in any given case 
or \io, place paper riders on the two strings, as described 
in the first chapter [5]. If one of the two strings be 
rubbed with the bow so that it may give its fundamental 
note, all the riders placed on this string will be thrown up 
into the air. But it will be observed at the same time, 
that the other string, which has not even been touched, 
also exhibits the same phenomenon, although more feebly : 
its riders will also after a little hesitation be thrown off. 

If the riders be replaced on the two strings, find one of 
the strings be touched at its middle point and rubbed with 
the bow, a node is set up in the middle, and a higher 
note is produced. The second string begins to vibrate of 
its own accord in the same way ; all the riders afi^e thrown 
off except one, which is the one corresponding to the 
middle node. This means that the second string vibrates 
in the same way as the first. 

This may be continued : the first string being made to 
vibrate in any way whatever, the riders on the^ second 
string will show that it immediately begins to vibrate in 
the sam^ way. The vibrations of the first string are trans- 
mitted to the wooden bridge on which it rests, and thence 
to the Second string. They are also transmitted from the 
first to the second string by means of the air, and the 
vibratory movement is the same in both strings. 

But the vibratory movement of the second string no 
longer takes place, if it is unable by vibrating alone to 
give the same note as the first. 
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To demonstrate this, let one of the strings be stretched 
a little more, so that there may be a sensible difference of 
note between the two strings — for example, a semi-tone. 
The first string may then be rubbed how and to what- 
ever extent you please, but no movement is now observed 
in the second. It was not therefore the purely mechan- 
ical action of the blow or shock given to the instrument 
which produced in the previous instance the beautiful 
phenomenon observed. 

The following is another experiment, tending to show 
the same law : Take a tuning-fork, mounted, as is usual, 
on a wooden box. Being rubbed with a bow, it gives a 
very clear pure note. Now take an organ-pipe, which 
itself W(fuld give the same note. Scarcely is it made to 
sound near the tuning-fork, without, however, touching it, 
than the tuning-fork is heard to reproduce the same note. 
But the phenomenon no longer takes place, when instead^ 
of the first pipe one is us^d which gives a diflerent note 

from that of the tuning-fork. 

• # 

Two equal tuning-forks exhibit this phenomenon in a very 
marked manner. Even when placed at a git^ distance 
from each other, the one sounds directly the other sounds. 
This no longer happens if the tuning-forks do not give the 
same, note. A convincing proof of this may be obtained 
by taldng two different timing-forks, or even by slightly 
altering the note of one of the two former tuning-forks by 
fastening, by means of some wax, a small coin to one of its 
branches. It will not now sound. 
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The following is a third method of demonstrating the 
same law (fig. 19) : Take a cylindrical glass jar a, and 



Fig. 19. 


make a tuning-fork b vibrate over it. The sound of the 
tuning-fo^k is not in the least reinforced. By pourii^ 
water into the jar, however, theVolume of the air enclosed 
in it i» gradually diminished. By pouring in more and 
more, a point is arrived at where the sound is considerably 
reinforced. If more be poured in, the phenomenon ceases. 
The quantity of water which must be put into the jar 
in order to obtain the greatest possible reinforcement, can 
thus be determined by a fgw trials. This point being 
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found, let us next look for the cause of this reinforcement 
of the sound. • 

Take the jar and blow gently across the upper edge ; a 
feeble note is produced by the vibration of the air, like 
that of an organ-pipe, and this note is exactly that of the 
tuning-fork. If, on the other hand, the water be poured 
away, or more be added, notes may be obtained by blow- 
ing in the same manner, but they are no longer the same 
as the note given by the tuning-fork. 

The same conclusion is arrived at by means of Savarfs 
bell (fig. 20). A large bell a when rubbed by a bow pro- 



duces u powerful note. A hollow cylinder of wood, vdth. 
a movable bottom h, is so constructed that it can be 
brought near it. By altering the position of the movable 
bottom, and thus modifying the int^nal dimensions of the 
cylinder (the open end of which is turned towards the 
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beip, the point at which the reinforcement of the sound 
is greatest is easily found. tThe effect obtained is con- 
siderable when the cylinder is brought near. 

When the sound of the bell is still strong, the reinforce- 
ment produced by the cylinder is very sensible. The 
effect is still more remarkable when the sound of the bell 
is allowed to diminish so that it can scarcely be heard ; on 
bringing the cylinder nearer, it becomes very marked. 

4. These experiments demonstrate, then, that the rein- 
forcement of a sound only takes place when there are 



Fig. 21. 

f 

other bodies in the neighbourhood of the sounding body 
themselves capable of giving the same note. This im- 
portant law of resonance has been applied to many cases. 
The sounding-board is founded on this law. In fact, 
tuning-forks give a TPery feeble sound by themselves. 
They are therefore often mounted on wooden boxes, as ^n 
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fig. 21, where the tuning-fork AC is attached to the box 
that supports it by means of the foot B. • 

The "boxes have different dimensions, according to the 
dimensions of their tuning-forks, and enclose a quantity 
of air determined for each note. They considerably rein- 
force the sound of the tuning-fork, provided that their 
dimensions have been well chosen. 

An interesting form of sounding-board, which has ac- 
quired a great importance of late years, is that called Helm- 
holtz's resonator. These resonators are hollow metallic 
spheres or even cylinders of different sizes, furnished with 
two apertures. One a, the larger, only serves to maintain 
a communication between the external air and that in the 
sphere; •the other &, the smaller, has the form of an orifice 
with an elongated neck, and is intended to be inserted in 
the ear [figs. 22 and 23]. 



Vig. 22. 


For use, it is necessary to have a series of these reso- 
nators of different sizes. Each of them, according to the 
volume of air that it contains, reinforces one single note ; 
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the larger ones serve for the low, the smaller for the high 
notes. 

The spherical resonators are really the best, and give 
the clearest phenomena. Nevertheless, a cylindrical and 



even conical form is sometimes adopted, because they are 
more readily held in the hand, and are therefore more 
convenient to manage. 

It is easy to show that these resonators reinforce musical 
sounds, and each one only one particular note. If a series 
of tuning-forks, which give notes corresponding to those 
of the resonators, be taken, the sound of each fork is rein- 
forced by its corresponding resonator. This effect may be 
stiU better observed if the point of the resonator be intro- 
duced into one ear and the other be closed the hand. 

It is to be noticed that no resonator will produce this 
effect unless it be combined with its corresponding tuning- 
fork. • * 

Let us suppose that there are a number of notes mixed 
togetheit our ears then separate tliem with difficulty. 
But if an observer wishes to know whether amongst all 
these there is some one particular note, he need only take 
the corresponding resonator and hold it to his ear. If the 
note in question is there, it will be reinforced, and thus he 
will easily be able to distinguish it amongst all the others. 
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An example of this kind is easily to be found. If a 
number of suitable tuning-forks be sounded together, 
a very agreeable harmony yrill be produced, in which, 
however, an unpractised ear would not perhaps be able to 
distinguish the individual notes composing it. By means 
of resonators it is quite easy to do so. To take another 
example, the human voice is very rich in notes, and 
even when merely speaking, we modulate the voice much 
more than is generally believed. If a resonator be taken 
and held to the ear while the observer speaks in his 
natural voice, every now and then he will distinctly 
perceive in the resonator the note to which it corresponds, 
which signifies that amongst the many notes which he 
uses in peaking, there is the particular one to which the 
resonator corresponds.* He could thus with a little patience 
analyse successively all the notes used by a person whilst 

In a later chapter, follovping the example of Helmholtz, 
I will jhow what use can be made of the employment of 
these resonators. I will show [chapter ix.] how one of the 
most important and most delicate laws may be* observed 
and followed bjr this means. 

The case of resonators and of the sounding-boards 
described above must not be confounded with that of 
the sounding-boards forming part of certain musical 
instruments. The sonometer, which has been described 
in an earlier chapter, the violin and other stringed instru- 
ments, the pianoforte, &c., have sounding-boards intended 
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to reinforce not only one note alone, but all the notes in 
turit, and as far as possible ^ to a uniform extent. It 
would be a very bad musioal instrument in which the 
difierent notes had not the same loudness, when the 
method of producing them is the same. The theory 
of these sounding-boards is much more complicated, 
and is not easy to follow. I will confine myself to 
saying, that in order to obtain this effect it is necessary 
that the sounding-board be relatively very large, and that 
it should have a particular shape determined by exi)erience. 
In this case the sounding-board corresponds to a very low 
note, and is subject, like a vibrating string, to such laws 
that it corresponds not only to the lower note, but also 
to many successively higher notes. * 

If the lowest note be very low, it "can reinforce so many 
notes that their number may be considered infinite. 

This takes place especially in the case of plates, mem- 
branes, and large vibrating boafds, and practice shows that 
all that is wanted in the way of reinforcing notes pan be 
obtained. 



CHAPTEE IV. 

1. Measure or the number of vibrations; the qrapbio method— 
2. Caoniard de la Tour’s Siren — 3. Pitch of sounds ; limit of 

AUDIBLE sounds, OF MUSICAL SOUNDS AND OF THE HUMAN VOICE — 

4. The “normal pitch ”—5. Laws of the vibrations of a string, 
AND OF harmonics. 

1. Tub second characteristic quality of musical sounds 
is their pitch. Every ear, however little practised, dis- 
tinguishes a high note from a low one, even when the 
interval is not large.* I propose to demonstrate that the 
pitch depends on the number of vibrations that a sounding 
body makes in each second of time, in such a way that the 
low notes are characterised by the small number, the high 
notes i)y the large number of their vibrations per second. 

In order to solve this problem, we must first solve 
another ; how the number of vibrations is to^ be deter- 
nuned ? There are many methods in physics used for this 
purpose. • * 

One method I have already to a great extent indicated — 
the graphic method, by means of which the vibrations of 
a tuning-fork were traced in the first chapter. In that 
experiment use was made of a (jj^linder, turned by hand 
JfaturaUy the motion could not be very regular, but if in- 
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stead of the hand, use is made of one of the many mechani- 
cal Equivalents, a perfectly regular motion can easily be 
obtained ; and further, the velocity of this motion may be 
determined. Suppose, for example, that the cylinder has a 
velocity of one turn per second; the tuning-fork will then 
record its vibrations, and to know their number per second 
we have only to count how many there are in one complete 
turn of the cylinder. The calculation is equally simple if the 
cylinder makes any other number of turns in a second. If, 
for example, the cylinder only makes five, we have only to 
count the vibrations in five turns, and the determination 
will be accurate, if the number of turns that the cylinder 
makes per second is accurately determined. This is often 
possible, and I will describe later on a very simple counter ^ 
by which the number of turns of a rotating apparatus is 
measured. The problem may then be solved by this 
means, as far as the vibrations of a tuning-fork are 
concerned. « 

2. At this point it becomes necessary to make the reader 
acquainted with another instrument, which answers this pur- 
pose to perfection, and which offers the advantage over the 
turning cylinder of not requiring for its use a slight change 
of the note, for a point has to be attached to the vibrating 
tuning-fork to trace its vibrations. This instrument is 
Cagniard de la Tmr's Siren, Figs. 24, 26, and 26 show the 
arrangement of the instrument. It consists of a hollow 
empty cylindrical box B^B, which by means of its neck 
can be put in communication with a blower capable of, 



CAGNIARD DE LA TOUR'S SIREN. 


61 


furnisliing a constant current of air. In the upper end of 
the cylinder are a certain number of equidistant holes, 
disposed on the periphery of a circle concentric to the 
outline of the rim itself. These holes are all oblique, so 



as to form an angle of about 45° with the vertical line. 
Over these holes is a metal disc C, which covers them 
entirely, and which is able* to turn rapidly on a vertical 
axis A.* This disc carrier an equal number of holes, 
corresponding exactly in position and size with the holes 
in the disc below. These holes are also oblique,’but in a 
different directiqn, and form an angle of about 45° with 
the vertical, but an angle of 90° with the direction of the 
holes beneath. Fig. 25 shows the section of the two discs, 
the fixed one and the movable one, as well as the arrange- 
ment of the holes. The holes p slope in one^ direction and 
the holes p' in the other. Fig. 26 is^a drawing in section of 
the whole apparatus, in which is shown the hollow cylindri- 
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cal box B of the siren, the movable disc CF, and the axis Aa 
on which it turns. When a cijrrent of air is forced into the 
cylinder by means of the bl«wer, this current passes, it is 
true, through the holes ; but on account of their obliquity, it 
strikes against their sides. The movable disc thus receives 
a series of impulses, all in the same direction, and therefore 
begins to turn. It turns quickly when the current is strong, 
and slowly when the current is weak ; by suitably control- 
ling the blower, the force of the current can be regulated at 
will, and through it the velocity of rotation of the movable 
disc. 

But the current of air that enters the cylinder in a 
regular jet, can only pass out through the holes inter- 
mittently as soon as the movable disc has begun to 
turn. The reason for this is very simple. The air only 
passes out at the moments when the holes in the movable 
disc coincide with the holes in the fixed disc ; it is, on the 
other hand, intercepted when' the holes an the movable 
disc are over the unperforat^ parts between tte holes 
in the fixed disc. It follows that the air must come out 
of the sifen in the form of little puffs, which will be more 
frequent as the number of holes in the twg discs is greater, 
and the velocity of rotation <tf the movable disc is greater. 
Suppose, for example, that each disc has twenty-five-holes, 
as is the case in the siren I am now describing [twelve 
are shown in, the drawing, but the number is arbitrary]. 
Suppose further that J)he velocity of rotation is one turn 
per second of time. In thia case each hole in the up|)er 
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disc will give out twenty-five puffs of air in a second of 
time. If, however, the mpvable disc makes 2, 3, 4, &c., 
turns in a second, I must multiply the number of holes 
— i.e,, 25 — by 2, 3, 4, &c., or generally by the number 
of turns, to find the number of pufiPs of air produced by 
each hole per second. 

When the siren is set in action, a very pure note is 
formed, low at first when the disc turns slowly, but higher 
as the velocity of the disc increases. The note is produced 
because the external air over the instrument is struck 
regularly by the puffs of air from the siren. These 
periodical blows produce vibrations in the external air, 
the number of which per second evidently corresponds 
to the number of blows received per second. We can 
therefore produce at will, by controlling the blower, any 
note we please, be it high or low ; we can at the same 
time calculate the number of vibrations per second 
corresponding k) it, as thfere is a means of determining 
the number of turns thai the instrument makes in a 
second of time. 

% 

The very simple counter, which is placed at 'the top of 
the instrument and which is represented in fig. 26, 
answers this purpose. Tt the movable disc^CF is 
fixed- a vertical steel arbor Aa, which carries at its upper 
end a few turns S of what is called an eifidlm screw. 
The teeth of a toothed wheel EH gear intp this screw, so 
that it moves forward one tooth fpr one turn of the arbor 
ajd movable disc. To the axis of the toothed wheel is 
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fastened a hand, like that of a clock [see fig. 24]; a 
graduated circle enables its n\ovements, and by its means 
those of the toothed wheel, t© be observed. Each division 
on the circle corresponds to one tooth of the wheel, or one 
revolution of the movable disc of the siren. The toothed 
wheel has 100 teeth, therefore the divisions under the 
hand are hundredth parts, arranged round an internal 
periphery. A second toothed wheel, with a second hand 
and a second set of divisions, is so arranged that for each 
revolution of the first wheel it moves forward one tooth 
and its hand one division. Its divisions show, therefore, 
each hundred turns, whilst those of the first show the 
single turns of the movable disc of the siren. 

This system enables us easily to determine the number 
of turns made by the siren in a given time, even though 
it may be very high. 

To facilitate the counting, the toothed wheel can be 
brought near to the main arbOr and mov«d away from it 
at wiU by means of the button^ a (fig. 24), which allows of 
a small displacement ; the wheel is thus put in action for 
as long ai^ may be desired, and may be stopped at will. 

The instrument is thus used. Suppose we wish "to 
determine the number of vibrations per second which 
corresponds to the note of a tuning-fork. - We have 

(1.) To reproduce with the siren the same note in such 
a way as to ^eep it constant for a certain length of 
time. ^ 

(2.) This being obtained, to set in action a stop- 
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watcli and the counter of the siren, and thus to determine 
the number of turns per second. 

These two operations are oasily performed. The first 
result is obtained by suitably loading the blower. The 
note of the siren is at first very low, then rises slowly, 
and after some time remains constant. The reason of 
this constancy is this, that the current of air is just able 
to overcome the friction of the instrument for this given 
velocity. But say the note of the tuning-fork is higher ; 
then in order to get up to it, the blower must be loaded 
more. The note rises suddenly, and after a few trials 
the weight is found which must be put on the blower in 
order to reproduce the note of the tuning-fork and keep it 
steady. I’lie note keeps constant for a certain length of 
time, during which the second operation can be easily 
completed. This being arranged, the exact position of 
the pointers is observed, the stop-watch is set going, and so 
afterwards, at a diosen mombnt, is the counter of the siren, 
which is left in action fgr ten seconds. It is always 
better to operate for a somewhat long time rather than 
for one second only, because in the former cace a small 
errdr committee! in setting the counter going is less felt 
than in the latter. ^ " 

When the ten seconds have elapsed, the action of the 
counter is stopped, and from the position of the pointers 
the number of turns made by the instrument in ten 
seconds is seen. 

,Iii this case say there are 358 turns in ten seconds — 
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that is to say, that 35*8 turns correspond to one second. 
To know now the number of vibrations per second, since 
the disc of. the siren has 25*holes, 35*8 must he multiplied 
by 25, which gives 895 as the number of vibrations per 
second. The tuning-fork in question, therefore, produces 
a note of 895 vibrations per second of time. As we have 
operated in this case, so we can operate in any other case 
whatsoever. The siren lends itself admirably to researches 
of this nature. It only requires a practised ear to be able 
to reproduce exactly a particular note. Wliether we wish 
to have recourse to the graphic method, or whether we 
wish to make use of the siren, we have acquired the power 
of determining the number of vibrations of very many, 
or, I miglit say, of all notes. * 

3. Let us now consider the tnore important results 
which have been arrived at on this point, by a minute 
and accurate examination of the facts. 

What is the limit of audible sounds.? Does our ear 
perceive, as a note, any nunjber of vibrations ^^hatever, 
or is our perception confined between certain limits? 

f 

That th^fre is a lower limit may easily be demonstrated 
by means of the siren. When the siren Js set in action, 
and first turns very slowly, the single puffs of air are 
heard singly, but no note is perceived. A very low note, 
however, begins when the siren turns a little faster. By 
more exact experiments it is found that there must be at 
least sixteen vibrations in a second of time in order to 
produce a note ; and this limit is only reached by usin^ a 
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very powerful instrument — that is to say, an instrument 
able to give a somewhat lo^d note. In other cases — as, 
for instance, in the case of the common siren — twenty or 
twenty-five vibrations must take place per second, in 
order to produce an appreciable note. 

It is more difficult to fix a high limit for sound. If 
the blower be successively loaded, the siren turns faster 
and faster, the note grows sharper and sharper, and at 
last becomes shrill and disagreeable. But with an ordi- 
nary siren it would not be possible to obtain a velocity 
above a certain limit, because the friction would prevent 
a very high velocity. To solve the problem, Despretz 
made use of smaller and smaller tuning-forks, and finally 
succeeded in demonstrating that there is an upper limit 
for sound, beyond which our ear perceives nothing. 

This limit was fixed by him at very nearly 38,000 
vibrations in a second, a figure that has been finally con- 
firmed by Helmholtz ; but ft is probable that it differs in 
different individuals. We^ay conclude that sonorous 
vibrations lie between the limits 16 and 38,000 per 
second. • 

But all the uotes comprised between these extreme 
limits are not musical notes, properly so called — that is to 
say, notes advantage of which is taken in practical music. 
The notes that are too low are badly heard ; those that are 
too high are unpleasant. ^ 

In the modern pianoforte of seveji complete octaves, the 
b^se A corresponds to about 27J, the highest A to 3480 
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vibrations per second. .Therefore, taking into account the 
differences of tuning, it may he said that the notes of the 
pianoforte range from 27 to*3500 vibrations per. second. 

In the violin, the fourth open string [the lowest note] 
corresponds to about 193 vi])rations; the highest note 
may be fixed at about 3500. 

This number is not, however, the highest. Some piano- 
fortes go up to the seventh C, which corresponds to about 
4200 ; and with the piccolo 4700 and more vibrations per 
second are reached. But the real gain that music has 
realised from so great an extension is very doubtful. 
Notes that are too high are shrill, and lose entirely that 
full, sweet quality which constitutes the principal char- 
acteristic of musical notes. It may be concluded, without 
exaggeration, that musical notes are comprised between 
27 and 4000 vibrations per second. 

The question of the human voice, and of the limits 
between which it acts, is also interesting. In consider- 
ing it, we must distinguish^between the voice* of men 
and of women. The latter is represented by about twice 
as many vibrations per second as that of men. Subdivi- 
sions ^are made for musical purposes in each of tShese 
classes of voice : thus there are, for men, bass, baritone, 
and tenor voices; for women, contralto, mezzo-sbprano, 
and soprano voices. The following table shows the limits 
of each of these voices for a normal case, as they may 
reasonably be expected from a good and practised singer. 
The figures written in brackets represent cases of excf p- 



EXTENT AND LIMITS OF VOICES. 


69 


tional voices which the stage has produced up to the 
present time : — 

Extent and Limits of the Human Voice* 

Bass . . . [B= 61] E= 82 . . I)= 293 [F = 348] 

Baritone . . (D = 73) F = 87 . . FjJ = 370 [G - 392] 

Tenor . . . (G = 98) A - 109 . . A = 435 (C# = 544)* 

Contralto . . (C = 110) E = 164 . . F = 696 (A = 870) 

Mezzo-soprano (E = 164) F = 174 . . A= 870 (B = 976) 

Soprano . . (G = 196) A = 218 . . C = 1044 (E = 1305) 

The well-developed voice of a single singer embraces 
about two octaves ; in the case of women a little more. 
The extreme limits of the human voice [man’s and 
woman’s combined] may be fixed within four octaves, 
from 0 = 65 up to C = 1044, certain extreme cases not 
included.f 

4. A question of some practical importance has latterly 
been raised and solved: that of establishing a uniform 
I)itch for all countries, so as to make it possible to tune 
instruments uniformly. For the purpose of tuning musi- 
cal insfruments, a small funing-fork is generally used, 
which gives the A which corresponds to the second open 
string of the violin, and is in a seven-octave pianoforte 
the fifth A, cdunting from the lowest note. the 

* Tamberlik’s overpraised C|. 

t Certain marvellously gifted voices have had more extended liiijiits ; 
the voices of Cruvelli, Catalan!, Patti, and Nilsson will always be cele- 
brated for this. The highest voice seems to be that of Eastardella^ whom 
Mozart heard at Parma in 1770, which had three and a half octaves, and 
went up almost to 2000 vibrations. Also the voice of eunuchs, and' 
especially that of the celebrated Farinelli, have a very great range. 
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different theatres of Italy and Europe have adopted 
pitches differing from each other ; and even in the same 
theatre the A goes on gi'adnally rising. At Paris, in 
1700, it was 405; later on, 425; in 1855, 440; and in 
1857, 448 vibrations per second. This last number has 
since remained steady at the Berlin Theatre ; but the 
I)itch of the Scala at Milan corresponds to 451J, and that 
of Covent Garden Theatre at London to 455 vibrations 
per second. 

This state of things was very unpleasant to singers, 
for whom it was no easy matter to satisfy requirements 
differing so sensibly in different countries, especially 
when it is remembered that modern music, to increase 
the effect, is written very much on the extreme notes, 
and especially on the high ones, knd therefore makes a 
great call upon the singers. To this may be added the 
tendency of the manufacturers of musical instruments, 
and especially of brass instT*aments, to* raise the pitch 
continually, in order to give a^greater brilliancy of tone to 
their instruments. 

f 

As mgly be seen from the example given of the rise of 
pitch at Paris, it thus came about tha,J; from the 4ast 
century until now the pitch* had been rising considerably 
everywhere, and had a tendency to rise still higher. It 
was therefore necessary to find a remedy for so grave an 
inconvenience^ and an international commission fixed as 
the normal pitch (usually called the diapason normal) a 
tuning-fork giving 435 vibrations per second of time. 
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6. I will close this chapter by demonstrating an impor- 
tant law, at which we arrive by studying the number of 
the vibrations per second of^ string. When the whole 
string vibrates in one vibration, it gives its lowest note, 
which I liave called the fundamental note. If the string 
be divided, by touching it with the finger or a feather, 
into two, three, four, &c., parts, higher and higher notes 
are obtained, which form that which is called an harmonic 
scries. The notes of this harmonic series are not notes 
taken at random. They are very agreeable to the ear in 
relation to the fundamental note, and have great import- 
ance, as we shall see in the sequel, in the theory of music 
and of musical instruments. It may be asked, then, if 
there is* a simple law to regulate these notes, as the 
method of their production is so simple. 

To answer this question, all that is needed is to deter- 
mine the number of vibrations of the string for the funda- 
mental note, and for the successive harmonic notes. 

Carofully repeated experiments show that simple 
relations exist between all these notes. Let us suppose, 
for example, that the fundamental note makes* 128 vibra- 
tions per secon(J ; the second harmonic, which is obtained 
by dividing the string into •two parts, then mak^s twice 
128 vibrations, or 256 per second; the third harmonic, 
which is obtained by dividing the string into three parts, 
jnakes three times 128, or 384 vibrations per second; the 
fourth harmonic, which arises from the division of the 
string into four parts, makes four times 128, or 512 
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vibrations per second, and so on. Therefore, calling the 
fundamental note 1, the harmonic notes will be exactly 
represented, in respect of tl^eir vibrations per second, by 
the whole numbers, 2, 3, 4, &c. By considering the mode 
of formation of these notes, the following two laws are 
arrived at : — 

(1.) The harmonics increase, in respect of the number of 
their vibrations per second, as the whole numbers. 

. (2.) The number of vibrations per second of a string 
always varies inversely as its length. 

This second law holds for all cases, even when a string 
is shortened in any manner whatever ; on the sonometer 
this shortening is accomplished in a very simple manner. 
Besides the two fixed bridges on which the string rests, 
there is a third movable bridge, by means of which the 
string can be shortened at will. A scale of centimetres 
and millimetres allows the length of the effective part of 
the string to be measured in any case.^ A sonometer 
constructed in this manner affords the simplest and 
shortest means of determining the number of vibrations 
of a noter *The operation is performed as follows: The 

c 

string of the sonometer is stretched so that when vibrating 
in its w5iole length (one metre), it gives a known, constant 
note — for example, one of 128 vibrations per second. When 
the string is thus tuned, the sonometer is ready fpr imme- 
diate use. If it be desired to know the number of vibra- 
tions of a given musical sound, that note is exactly 
reproduced by sliding tie bridge along, and so shortening 
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the string; the scale under the string gives its new length. 
Let this be, for example, 432 millimetres ; then, as the 
number of vibrations varies inversely as the length of the 
string, we arrive at the following proportion : — 

432 : 1000 : : 128 : x 
Whence x = = 296 

Therefore the note makes 296 vibrations per second. 

This method of determining the number of the vibra- 
tions is the simplest of all. It is capable of giving results 
of sufficient accuracy, and may be adopted directly the 
laws of the vibrations of strings have been established. 
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1. Musical sounds — 2. Law op simple ratio — 3. Unison, interference 
— 4. Beats— 5. Their explanation — 6. Resultant notes — 7. 
Octaves and other harmonics — 8. Consonant chords and their 
LIMITS — 9. The major fifth, fourth, sixth, and third ; the minor 
third and sixth — 10, The seventh harmonic. 

1. It lias been sliown in the last chapter that all the 
sounds in nature are not musical sounds, properly so 
called. In order that a sound may acquire a •musical 
character, it must satisfy the essential condition of being 
agreeable to the ear. It is on this account that all the 
sounds produced by imperfect instruments must be re- 
jected, whatever may be then* pitch. AU those, also, 
which are too high or too low must be rejected as either 
disagreeable or insignificant. There remain, therefore, the 
notes coi^pHsed between about 27 and 4000 vibrations 
per second, which form an interval of a little more tl\^n 
seven octaves, between wlu(^ limits the music of all 
countries anil all nations is written. 

But it would be a grave error to suppose that between 
the limits hinted at, all the notes can be used arbitrarily 
or at hazard. * Experience shows that any one of these 
notes may be chosen in executing or beginning a piece 
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of music. Blit when once this note is selected, all the 
others that are to follow or ^accompany it are limited, and 
we move in a very restricted circle. This is not only the 
case in our modern music, but also holds good for the 
music of every epoch. There is no instance known of a 
musical system, however barbarous it may be, in which 
the choice of the notes is left to the fancy of the com- 
poser or performer. The history of music, on the con- 
trary, teaches us that it has always been sought to select, 
from the enormous number of possible notes, an infinitely 
more restricted number, according to certain established 
rules, in which musical instinct was at times influenced 
by scientific theories of greater or less value, giving the 
preferenSe to one and sometimes to another of such 
theories. We will coAsider later on the different concep- 
tions which instinctively or rationally have guided different 
nations in the historical development of music. For the 
present I will •content iffyself by saying that in our 
moderi^ music, art has oy.tstripped science with rapid 
strides, and it is only quite recently that the latter has 
been able to give a complete and rational explsmation of 
what the foriper has effected by means of delicate 
aesthetic feeling. • • 

2. It may be established as one of the fundamental 
principles of our music, that the ear can only endure 
notes, be they simultaneous or successive, on this condi- 
tion — namely, that they should bear simple ratios to each 
ottier in respect of the number of their vibrations per second; 
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that is to say, that the ratio of the number of vibrations 
per second of the notes should be expressed by low 
numbers. All the bearings i)f this simple principle will 
be pointed out in a later chapter, and since, thanks to the 
great researches of Helmholtz, it has acquired of late years, 
notwithstanding its simplicity, an even simpler and wider 
significance, I will for the present content myself with 
indicating its more important consequences. 

It is not without some hesitation that I enter upon 
such a subject.- I shall have to go through a series of 
figures, and indeed to argue entirely upon figures. The 
road is rather a rough and thorny one, but I trust that, 
like the traveller who courageously climbs the steep and 
rugged sides of a mountain in order to enjoy at laSt a vast 
and magnificent panorama, so from the highest peak of this 
argument a vast horizon will open out before the reader, 
in which he will discover the synthesis of one of the 
grandest creations of the imaghiation — a creation that in 
itself forms one of the mo^t brilliant pages ,in the 
history of human culture. 

3. The •most simple ratio that can be imagined between 
the vibrations per second of two notes ij that in which 
both afe represented by the ♦same number of vibrations. 
The two notes are then said to be in unison. If they be 
sounded one after the other, they only form one more pro- 
longed note ; if they be sounded together, they only give 
one note of double loudness. It sometimes happens, 
however, that two equal notes, instead of supporting each 


'i- 



INTERFERENCE. 


751 

other, are enfeebled in their effects. Cases of this kind 
are due to what is called interference. This happens 
whenever the vibrations of the two notes are made in the 
reverse way — that is to say, when the vibrating body of 
the first note makes a movement in one given direction, 
whilst the other makes a precisely contrary movement. 
It is evident that such opposing vibratory movements 
must destroy each other’s effect, when superposed in the 
air in which they are propagated; as a particle of air 
which ought to move at the same time and with the 
same force in two opposite directions, not being able to 
follow either, remains at rest. 



Fig. ar. 


The apparatus represented in fig. 27 enables us to pro- 
duce interference at will. It is composed, of a vibrating 
plate in which a Chladni’s figpire is formed by the 
vibrating segments A B, A' B'. The vibrations in two 
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contiguous segments, as A' and B', are contrary, or reverse, 
inasmucli as when the particles at A' fall, those at B' 
rise, and vice verm; they are similar in two opposite 
segments, as at A and A'. DCE is a bifurcated pipe 
which gives by itself the same note as the plate, and is 
closed at the top by a paper membrane, which serves, 
when sprinkled with sand, to indicate the vibrations 
in the pipe. If now the plate be caused to vibrate, 
and some sand be sjuinkled on it to indicate its mode 
of vibration, two points having similar vibrations, as 
A and A', may be selected, and the branches of the 
pipe placed over them, without, however, allowing them 
to touch: the sand on the membrane will then dance 
about and dispose itself regularly, which shows that the 
air in the pipe vibrates, because the vibrations of A and A' 
support each other in producing this effect. Again, tvro 
points having an opposite motion, as A' and B', may be 
selected and the branches of the pipe placed over them ; 
the effect will then be nil, and'the sand will not m\)ve. 

From all .this w^may conclude that when two equal and 
simultanems vibratory movements are superimposed, they 
support each other, hut that, on the other hand, their effect is 
destroyed if they are equal ank opposite. 

4. The question is interesting as to what happens 'when 
the two notes produced are almost though not quite 
identical, and have not therefore quite the same number 
of vibrations per second. < A new phenomenon then appears, 
known by the name of heats. t- 
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In order to show what these heats really are, the follow- 
ing experiment may he adopted. Two large equal organ- 
pipes are taken which give* two low, strong, identical 
notes. These being attached to a hlower, and sounded 
together, we obtain the same note, only of double loud- 
ness, which is obtained by sounding either pipe without 
the other. But the pipes are so made that it is easy 
slightly to alter the note of either. Por this purpose 
there is an aperture in the upper part of one of the walls 
of each pipe closed by a movable plate, by lowering 
which more or less the aperture in the pipe can be opened 
to a greater or less extent; the effect thus produced is 
similar to that obtained by shortening the pipe. The 
note is slightly raised, and by means of the movable plate 
it can be regulated at will. 

Now let the note of one of the two pipes be slightly 
raised. The difference between the notes of the two pipes 
is so small that Sven a practised ear can scarcely perceive 
it for such low notes. But if the two pipes be sounded 
together, a sound is obtained of varj^g louj^ness, now 
strong and now feeble, and very marked jerks dr shocks 
are* perceived. These shocks are the beats. If the dif- 
ference between the notes of the two pipes be very small, 
the bekts will be very slow, not more perhaps than one 
in the second ; but if, on the other hand, the difference 
he increased by raising the note’ of the first pipe, they 
will become more frequent. By s^iitably regulating the 
i^te of one of the pipes by means of the .movable plate, 
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and leaving the other untouched, 2, 3, 4, 5, or 10 beats 
per second may be obtained. • In the last case, however, 
it is difficult to count thto; but they are distinctly 
audible, and remain so up to 20 or even 25 per second, 
beyond that the ear is no longer able to distinguish 
them. 

Beats of this kind are very common. They are more 
especially heard in instruments with fixed strong notes, as, 
for examjDle, in the organ. They are a sure sign that the 
instrument is not well tuned, and afford a very simple and 
correct method of bringing two slightly differing notes 
into unison. All that need be done is to tune them until 
the beats cease. 

In the sound of bells the phenomenon of beats is very 
common. In fact, it is not possible to cast a large bell so 
that it may present at every point a perfect homogeneity 
and an equal density and elasticity. The bell, therefore, 
easily divides into two not perfectly equal parts, which by 
vibrating somewhat differently produce beats. 

5. It is ^asy to piderstand how these beats are produced. 
If two notes make exactly tha same number of vibrations 
per second, except in the special case -of interferehce, 
which will not be here taken into account, the vibrations 
of the two bodies coincide, and a note is produ6ed of 
double loudness ; but if the two notes be not of exactly the 
same pitch, the phenomenon is more complicated. Let it 
be supposed, for example, that the first note makes 100 
vibrations in a second, and the other 101. 
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If they be soundeil together, the first vibrations will 
almost correspond with each other, their effects will be 
added together, and a louder note will be produced. But 
at the fiftieth vibration of the first, the second note will 
have accomplished fifty and a half vibrations. But as a 
vibration always has one half in which the vibrating body 
moves in one direction, and another half in which it 
moves in the opposite direction, it follows tliat at the 
fiftieth vibration of the first note, and the c6iTesponding 
half vibration of the second, the movements will be 
contrary, and the note will therefore be sensibly deadened, 
or at least more or less considerably enfeebled. To the 
hundredth vibration of the first note corresponds the one 
hundred 'tod first vibration of the second, and from this 
point they again reinforce each other, and so on. It 
is thus seen that for each difference of one vibration 
there must be one strengthening and one enfeebling of 
the note — that to say, one beat per second. There- 
fore, if there be two note^ which differ by 2, 3, 4, 5, 
10 vibrations per second, there will be 2, 3, 4, 5, 10 
beats per second; and the number ^ beats,’ which is 
easily observed, gives a very exact measure of the differ- 
ence between the number of ^ vibrations per second! of the 
two notes. This is a very safe, practical method for 
determinations of this sort, because it is independent, so 
to speak, of the ear, or, at all events, does not require a 
very delicate ear. 

The phenomenon of beats is not only observed when 
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two notes are almost in unison, but even more when the 
two notes are to each other, in respect to their number of 
vibrations per second, almost, but not quite, in some 
other simple proportion. Let, for example, the number of 
their vibrations per second be as one to two, tlien, if the 
proportion is exact, there will be no beats; if, on the 
other hand, the proportion be not exact, the beats are at 
once heard. In order to show this, take two pipes giving 
the fundamental note and its octave, and which can be 
slightly altered at will. Tf they be perfectly tuned and 
sounded together, there are no beats, and the harmony is 
agreeable, like one clearer and fuller note ; but if one of 
the two notes be ever so slightly altered, immediately 
unpleasant beats ajDpear, which spoil the harmony. It 
is easy, by an analogous reasoning to the foregoing, to 
explain this phenomenon. It is enough, however, here to 
draw this conclusion, that the beats are the simplest and 
most sure means of observing that twQ notes are not so 
tuned that their vibrations may be represented by a simple 
ratio. But as simple ratio is a necessary condition in 
order tliat*' harmonies may be produced which shall be 
agreeable to the ear, it follows that the presence of baats 
is a suite proof that an instrument is not properly tuned. 

6. In strict relation to the phenomenon of beats, and as 
a necessaiy consequence to the combination of two notes, 
are those notes whose discovery, made towards the 
middle of the last century, is generally attributed to the 
celebrated violinist Tartini, and to which the name of 
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rcmltant notes, or sometimes difference notes, is usually 
given. The theory of thesg notes is not easy to give. 
Hitherto it has been held that when the beats become 
very rapid, so as to be more than 16 per second, they 
generate on their own account a very low note, which is 
the resultant note. If there be two notes — one wliich 
makes 100, and the other 125 vibrations per second — they 
will give 25 beats a second, which will generate a note 
of 25 vibrations a second. There are thus three notes 
— the original two of 100 and 125, and the resultant note 
of 25 vibrations per second. 

But this explanation, however simple it may appear, 
and however well it may correspond to the results, is open 
to certain serious objections on which it is impossible to 
dwell. The true the6ry of resultant notes can only be 
given by means of mathematical calculation. 

All that need here be said is, that resultant notes are 
really difference* notes in ftiis sense, that the number of 
their vibrations per second really corresponds to the 
difference of the vibrations per second of the two com- 
bined notes. Thus in the gxample given above, Vhen two 
notes are combined together, one of 100 and the other of 
125 vibrations per second, U resultant note is obtained 
which really corresponds to 25 vibrations per second. 

These resultant notes may be experimentally observed 
by means of two organ-pipes, one making 200 and the 
other 250 vibrations per second, giving a harmony; which 
ij represented by the ratio and which, as will be seen 
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later on, is called a major third. When they are sounded 
together, besides these two nojbes, a low note is very clearly 
heard, which corresponds to 60 vibrations per second, 
a number which is the fourth part of 200, or the half of 
the half. It will be seen later on that the half means 
the lower octave of a note, therefore the half of the half 
signifies two octaves below this same note. It follows 
that the resultant note which is formed ought to be the 
second octave below of the note of 200 vibrations a 
second, which with a little attention is found to be the 
fact. 

Eesultant notes are always present, whenever two 
different notes are combined ; and there is a very simple 
rule for determining them : the number of vibrations ]per 
second of the resultant note is alwafs equal to the difference 
between the number of vibrations per second of the notes that, 
are combined. But as it is more important in the theory of 
sound to know the ratios of the numbersof vibrations per 
second of the different notes'4;o each other than to know 
the absolute number of their vibrations per second, the 
dififerent •notes are expressed^ by whole numbers; such 
being the case, the resultant note will also be expressed 
by wh<fte numbers. • 

In the example given above it may be said that the 
notes 4 and 5 have been combined, since the ratio is 
the same as that between 200 and 250. The resultant 
note is then represented 1]jr the difference 1. 

The resultant notes have great importance in the thco^ 
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of music, as will be shown later on in this chapter. As 
they are frequently very loud, it is necessary to take them 
into account, and also their ratios to other notes. If, theil, 
several notes be combined together, it is not enough to 
select tliose which by themselves will give an agreeable 
harmony ; it is necessary further to examine the resultant 
notes, and to see how these will behave in relation to the 
combined notes. 

It may be added that these resultant notes are notes 
that really exist. It follows from this that they can 
combine with each other and produce new resultant notes, 
which are called resultant notes of the second order. 
There are thus resultant notes of the third, fourth order, 
&c. But as these are so very feeble that even a 
practised ear cannot succeed in distinguishing them, in 
most cases it is not worth while to take them into 
account. 

7. The next ihost simple ratio that can be imagined 
after unison is that of 1 : 2? This is the ratio called that 
of the octave. That note is called the octave of the funda- 
mental note that makes tTidce the niunber of fibrations 
per* second. Doubling the number of vibrations of a note 
means raising it to its octave above, and vice versa. So, 
too, reducing the number of vibrations per second of a 
note to one-half, means descending to its octave below. 
The octave of the octave is represented liy a number of 
vibrations per second four tin)^ greater, the third 
Mtave by a ^number eight times greater; the second. 
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third, &c., octaves below are expressed by J, &c., of 
the vibrations per second of the fundamental note. 

‘ The harmony of the octave with the fundamental note 
is very consonant. When the two notes are perfectly 
in tune, which is recognised by the complete absence of 
beats, the ear does not distinguish two notes. One 
single, open, clear note, as it were, is heard, with a some- 
what modified timhre. 

The Greeks, who did not use harmony, properly so 
called, in their music, nevertheless admitted singing in 
octaves; which is easily understood, when it is remem- 
bered that the voices of women and boys are an octave 
higher than those of adult men; therefore a chorus, 
singing all together, must produce an accompaniment 
in octaves. 

The resultant note produced by the combination of 
the notes 1 and 2 is again 1, which means, that in the 
harmony of the fundamental note ani its octave the 
resultant note serves to reinfirce the fundamental note. 

Other simple relations are furnished by the fundamental 
note 1 uriited to one of the nqtes of the harmonic series 
2, 3, 4, 5, &c. The note 2 represents, as. has been s^n, 
the octave ; the note 3 is the twelfth, or as it may also 
be called, for reasons which will be seen later on, the fifth 
of the octave; the note 4 is the octave of the octave, &c. 

All these potes form agreeable harmonies with the 
fundamental note. Thpir only defect, musically speaking, 
is that the intervals between them and the fundamental 
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note are very great. These harmonies, however, are 
certainly poor, but not unpleasant, and are especially 
used on the violin and other stringed instruments. The 
fundamental character of these harmonies is, that the 
resultant notes arising from them also belong to the 
harmonic series. Thus, for example, the resultant note 
of 1 and 3 is 2, that of 1 and 4 is 3, and so on ; and 
the resultant notes of the second order are found, when 
we come to analyse them, to strengthen the fundamental 
note. 

8. But music would be extremely poor if it were wished 
to limit it to these few notes, although they are the most 
natural ones. Certain brass instruments, indeed, have no 
other nbtes at their disposition, as, for example, the 
primitive keyless trumpet; but the melodies played on 
such instruments are very restricted and monotonous. 

Practical musicians, therefore, have been compelled to 
go farther into t^e matter, and to see if they could not find 
other rg,tios which, althougji more complicated than the 
first, would be still simple enough to be acceptable. But 
it naturally follows, from the principle laid cfovn at the 
head of this chapter, that the less complicated the ratios, 
the more perfect are the harmonies. The introduction 
into music of more and more complicated harmonies has 
therefore been made slowly and gradually. This must be 
considered as progress in the sense that it has increased 
musical resources, but it is progress made at the expense 
of primitive purity. 
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Starting from this principle, let us see how far this has 
been done up to the present time, and how much farther 

t 

ye can reasonably go. What has been said is of itself 
sufficient apology for the opinion of those who maintain 
that music is not the result of absolute sesthetic prin- 
cij)les, but that it is rather the result of successive musical 
education, an education which evidently primarily depends 
on the aesthetic aspirations of different nations, and on the 
state of their culture. In fact, history shows that all bold 
musical innovations have had to contend with immense 
opposition, and it is convenient, though not consistent 
with truth, to look upon such resistance as only rancour 
or personal envy. The true reason is, that there is no 
mathematical expression by which to define with Certainty 
when a ratio is simple and when, not ; and it is equally 
difficult to establish w.hen a sound ceases to be agreeable. 
Whether it be more or less simple, more or less compli- 
cated, more or less agreeable,dt dependai^ on the habit of 
the ear how far it will follow ^ bold innovation, ^n truth, 
certain harmonies, which are now considered perfectly 
admissiblii, ^ were not so considered in past centuries, 
especially in the early stages of music. ^ v 

9, The jump from the fundamental note 1 to its octave 
2 is very great, and leads to the inquiry, whether it be 
not posfible to introduce other notes in this interval The 
study of the harmonic series here offers a good precedent 
In fact we . have* seen that the ratios 1:2, 1:3, 1:4, 
&c., are consonant. It may then be asked, if the ratios^ 
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which result from taking another note of the harmonic 
series as a point of departure — such as 2 : 3, 2 : 4, 3 : 4 
— are not also consonant ; which signifies, in other terms, 
that the notes of the harmonic series are consonant not 
only with the fundamental note, but also with each other. 

This question may be approached in a different way. 
Given that the interval between 1 and 2 can or ought to 
be filled up with other notes, it may be asked, what will 
be the notes which will present the simplest possible 
ratios ? It is evident that these notes will be expressed 
by the figures IJ, IJ, If, If, If, &c., or by the ratios 

i> h h 

The simplest note is that of which corresponds to the 
ratio 2 It signifies that the new note makes three 
vibrations in the same time in which the fundamental 
note makes two, and represents also the harmony of the 
second and third harmonic. This ratio was recognised as 
consonant even by the ancfent Greeks, who made it with 
scientific; exaggeration the gtarting-point of their music 
and of the formation of the musical scale. 

It is the harmony of ^the Jifth, If the Jharmony 
2:8 be taken, jts resultant note is 1 — that is to say, 
the octave below the fundamental note, seeing thaf this is 
equal to two. This resultant note contributes considerably 
to the improvement of the harmony of the fifth. 

^ Another simple ratio is f, which may also be written 
3 : 4. This ratio was also known to and admitted by the 
cmcient Greeks. It is to a certain extent a consequence 
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of the fifth, and can he derived from it ; for if the funda- 
mental note he 1, the fifth hejow it is evidently f, and its 
octave is obtained hy doubling its value, hence we have 
This ratio is called in music the fourth^ whence the 
fourth is the octave of the fifth below the fundamental 
note. In the liarmonic series it represents the harmony 
of the third and fourth harmonic. Writing down the 
ratio 3 : 4, it is seen that the resultant note is 1, which 
does not correspond to any lower octave of the fundamental 
note, but is instead the second octave below the note 4 — 
that is to say, of the fourth itself. The harmony of the 
fundamental note with the fourth presents, then, this some- 
what strange character, that the resultant note, which 
arises from it, does not reinforce the fundamental note, 
but the fourth, and makes it to U certain extent more 
important than the fundamental note. 

Another fairly simple ratio is that expressed by ; it 
corresponds to the major mxiTi in musior This ratio was 
unknown to the Greeks ; it is, in fact, more complicated 
than the preceding, and it was some time before it was 
adopted. ® Indeed it presents this hitherto new character, 
that the resultant note reinforces neithes the one or the 
other of the two notes, brfb is an altogether new note. 
Writing the ratio 3 : 6, the resultant note is 2, which is 
the fifth below the fundamental note 3. 

Another important ratio is that furnished by the fourth 
and fifth harmonics, and expressed by f or 4 : 6 ; it is 
called the major third. Written in the second manner, i^ 
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gives as a resultant note 1 — that is to say, the second 
octave below the fundamental note 4. It is a very im- 
portant ratio, which was unknown to the ancient Greeks, and 
was introduced into modern music in the fifteenth and six- 
teenth centuries. The Greeks had in its stead the not widely 
different, but obviously dissonant harmony, formed 
from the fundamental’ note 1 by four successive fifths. 

1, f, f X f = f, I xf X I - V 
fxf xf xt-ft 

This note, lowered by two octaves in order to bring it 
near to the note 1, and to keep it in the same octave, 
becomes which is precisely the Greek third, also called 
the Pythagorean third, from the name of its inventor. 

It may be said without exaggeration that the substitu- 
tion for it of the coilsonant and harmonic third |, con- 
stitutes the most remarkable and most decisive progress of 
our scale as compared with that of the Greeks. The third 
I also comes into the category of consonant harmonies 
through#the consideration that its resultant note being the 
second octave below, reinforces the fundamental note. 
Another harmony, which was introduced into^usic, is 
thef minor thiri. It is expressed by the ratio , or also 
5:6. It was only adopted •in the seventeenth century 
with many reservations, together with the harmony of the 
sixth, from which it can be easily derived. In fact, it is 
only the octave of the sixth inverted. As late as the middle 
of the last century, even in the compositions of Mozart, 
this harmony was considered as imperfect, and was 
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avoided as far as possible as the final chord of a piece. 
The resultant note is very Jow, and does not reinforce 
either of the notes of the harmony. Writing it 
5 : 6, the resultant note is 1, and is in respect to the 
note 6 of the harmony the second octave below its fifth. 
This note is very low, and not dissonant with the notes 
5 and C. But in the further combinations to which the 
harmony of the minor third becomes subjected, the result- 
ant note, as will be seen later on, becomes obviously 
dissonant. 

There is one other harmony, which is now considered 
consonant, although imperfectly so — that of the minor 
sixth I, or also 5:8. It was the last with that of the 
minor third to be adopted. The resultant note is 3 — 
that is to say, the major sixth bfelow the fundamental 
note 6 — a new note which is not dissonant in itself, but 
which becomes so in the fuUer chords to which the minor 
sixth gives rise. ‘ 

10. This harmony of the mkior sixth is evidently on the 
limit of dissonant notes. It may, however, be asked, if it 
would not be possible to*push on farther in this direction, 
so as to enrich music with other fairly consonant harmonies. 
This is a question of high musical art, one which has latterly 
been much discussed, and one which would merit even 
deeper study. It is, however, perhaps too delicate a question 
to be touched on here. To treat it properly it would be 
necessary to enter into a series of most minute details, 
and to consider the harmonies in their relations to three 
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or four dififerent notes. Such an investigation would go 
far beyond the limits of this treatise. It may, however, 
be observed that, in order to enlarge the field of music 
in this direction, it would be proper to have recourse to 
the seventh harmonic, and to consider the ratios -J, ?> 

&c., in which the seventh harmonic has a decisive impor- 
tance. Some of these* ratios — as I, I, ® — are undoubtedly 
dissonant to our ears. Their resultant notes are so also, 
or are at great intervals, and therefore insignificant, and I 
do not believe that future generations will ever be taught 
to think otherwise. The same cannot be said a priori 
of the harmony But it is a strange phenomenon to 
observe how the seventh harmonic can be entirely 
banished from music even as a dissonant note, notwith- 
standing that much haore complicated, and therefore 
much more dissonant, ratios are adopted, as, for ex- 
ample, I, &c., of which we shall speak hereafter. To 
an ear accustomed to our music, as it is, the seventh 
harmonie may appear like ^n unpleasant note ; but an 
unprejudiced examination, according to the ppinion of 
some — an opinion with which T entirely agree— shows 
that? it is rather strange than unpleasant; that in 
certain special cases it afforSs very good discords and 
passing chords, and that the strangeness arises rather from 
our want of familiarity vrith it than from its inherent 
nature. 

It need not, howe^r, be a matter of surprise that this 
npte should be thus banished from practical music. The 
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reason is, scientifically speaking, that the number 7 is not 
suflBcieiitly small for a consonant harmony, and that being 
great, it has the fault of being a prime number. Since, even 
in discords, it is of the greatest importance not to make 
too much use of such numbers, numbers greater than 7, 
but divisible by 2, 3, 4, or 5, have a great numerical 
advantage over it."*^ And this is the true and principal 
reason why no use is made of it in music. 

Without wishing to push too far forward, and to pro- 
phesy what will happen in the future, it may be observed 
that the systematic introduction of the seventh harmonic 
into music would produce in it a very deep and almost 
incalculable revolution — a revolution which does not seem 
justifiable, because for our magnificent musical system 
another would be substituted, perhaps as magnificent, but 
certainly not better, and probably worse, and at any rate 
more artificial. This does not, however, exclude the pos- 
sibility that a secondary part 'in the musical system will 
hereafter be assigned to the seventh harmonic. To certain 
chords — for example, the chord of the diminished seventh 
— and cKscords it is well suited, and may sometimes be 
substituted with advantage for some in present use. • 

However this may be, It is certain that for us the 
seventh harmonic represents the great line of dema'rcation 
between consonant harmonies and discords. Below it is 

o 

* ^uZer had remarked the importance of the numbers 2, 3, and 5, 
and established upon them' a rule for the development of our musical 
system. 
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consonance, and above it dissonance, and between these 
is a great hiatus. We havejLhus the following harmonies 
in the interval of one octave :• — 

Perfectly consonant . . • f 4 

Consonant . . . • y J- 

Imperfectly consobant . • f T 

Hiatus formed by the seventh harmonic. 

Dissonant . . . • ¥ Vi 

This demonstration may be terminated by represent- 
ing in musical notation the harmonies examined above, 
with the resultant notes of the first order which arise 
from them. The harmonies will be found on the upper 
line, in the treble clef ; the resultant notes on the lower 
line, in tlie bass clef. 

This mode of illustra'lion will serve to make what has 
been explained above more clear. 


CHAPTER VI. 

1. Helmholtz’s double siren — 2. Application op the law or simple 

RATIO TO THREE OR MOKE NOTES — 8. PERFECT MAJOR AND MINOR 
CHORDS, THEIR NATURE — 4. THEIR INVERSION. 

1. The laws explained in the preceding chapter can be 
demonstrated by means of the siren constructed by 
Helmholtz, which is called the double siren (fig. 28), 
It is composed of two complete sirens, a^, a,, placed 
one over the other, so that their revolving discs face each 
other. These are attached to the same arbor k, and there- 
fore turn together with the same velocity. In the middle 
of this arbor is the counter (not represented in the figure), 
which is intended to measure the number of turns when 
absolute measurement is required. Each disc catries four 
concentric I circles of holes, according to an idea already 
realised fey Dove ; and by means of four buttons i any one 
of the ^irclfes of holes, or all simultaneously, can be set in 
action. There are thus eiglit notes, which can be pro- 
duced at will, at the disposition of the experimenter. 

A strong current of air, which can be caused to enter 
either sireii at go or gi, produces, in the simple siren, 
the rotati(|n of the discs and t^ formation of the 
notes. ? \ 




npr. 28 . 
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In the upper disc the circles have successively 9, 12, 
15, 16, in the lower disc, 8, 10, 12, 18 holes. There are 

c 

Jbhus many possible combinations of notes, the vibrations 
of which have simple ratios to each other. 

The revolving discs are covered by cylindrical boxes 
^hy \y ^y which servc to reinforce the notes pro- 
duced, and to make them clearer.* 

For the study of beats there is an arrangement by 
which these ratios can be slightly altered. In fact, the 
box of the upper siren can be turned independently of the 
rotatory movement of the discs. This is attained by means 
of a handle d, which turns the toothed wheel e, which 
gears into one on the upper siren, and is so arranged that 
for each three turns there is one complete revolution of 
the siren itself. Under the handle is a graduated circle 
divided into sixteenths, whence each division corresponds 
to of a complete turn of the siren. So when the siren 
is turned, it follows the holes in the revolving disc, or 
moves in a contrary direction to them, according to the 
direction of the rotation. * 

The ^Iffect in the first case is to somewhat lower the 
note, in t^e second to raise it! The reason of this is, Jbhat 
the no^e depends on the number of puffs of air which are 
produced each time that the holes of the revolving disc 
coincide vith the holes of the siren; these puffs will 
be more or fewer in number, according as the siren is 
caused to move in a direction cjntrary to, or the same 
as that of the revolvflag disc. Vei^varied experiments 
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may be made by means of this double siren. The most 
important and the most interesting of them may now 
be described. If the twelve holes of both upper and 
lower siren be set in action, two identical notes are 
obtained. Their effects are added together, and they 
therefore give a reinforced note, when the two sirens 
are so placed that thfe puffs of air from both are made 
at the same instant. 

But, on the other hand, they enfeeble each other when 
the two sirens are so placed that their puffs are alter- 
nate. If the liandle d be slowly and regularly turned, 
the notes sometimes strengthen, sometimes weaken 
each other ; beats are thus obtained, the number of which 
per secofld corresponds to the difference of the number 
of vibrations per second of the two notes produced by the 
sirens. 

If the twelve holes of the two discs be kept in action, 
and the blower *be more •loaded, the siren will turn 
quicker, ^and the two notes will rise in pitch but will 
still remain in unison, which demonstrates that unison 
is independent of the absolute number of ^vibrations 
per second. 

But if the eight and sixteeii holes be set in action, a 
note and its octave is obtained, since the vibrations in any 
given time are as 1 to 2. The octave is quite perfect, 
and remains so, however much the velocity of rotation of 
the discs may be alwed by loading the blower. The 
n^tes change, but tl^^ ratio remains the same. Whatever, 
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then, may be the fundamental note, the octave always 
makes double the number of^vibrations in a second. If it 
he desired to produce beats, the upper siren has but to be 
turned. The phenomenon which results is easy to foresee 
and to explain. 

The ratio of the fifth can be produced in different ways 
by combining the numbers 8 and 12, 10 and 15, or 12 and 
18, since in each case there is the ratio 2 : 3. The ratio 
of the fourth is obtained by the holes 9 and 12, 12 and 16 ; 
that of the major third by 8 and 10, 12 and 15, since they 
have the ratio 4 : 5. 

The major and minor sixth are obtained by the combina- 
tions 9 and 15, and 10 and. 16. 

Lastly, the ratio of the minor third is obtaindd by the 
holes 10 and 12, 15 and 18. 

There are many other combinations possible, but these 
examples . are enough for the present purpose. The 
harmonies obtained by this •means are mathematically 
correct, and therefore preferable to those obtained^by other 
instruments. Experiments made with this instrument 
show clearly that the absolute number of vibrations per 
second h^ no influence on the harmoqies, because •the 
ratios Always remain the same ; since in this instrument 
the ratios are fixed by the number of holes in action, whilst 
the absolute number of vibrations per second depends on 
the velocity of rotation of the revolving discs, which 
be controlied at will. The fundaflmntal note, then, may 
be* any note whatever ; but when on^ a note has be€jp 
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decided on for this office, the number of vibrations per 
second of all the others is fi^ed hy the ratios pointed out 
above. • 

Eesultant notes also can be studied by means of this 
instrument. The laws are thus arrived at, which were 
set forth in the last chapter, by which the resultant note 
of a combination of any two notes was defined as a true 
difference note. 

2 . We must now treat of another question which is 
intimately connected with that just studied. As yet only 
the case of the combination of two notes has been con- 
sidered, and the conditions under which they give a con- 
sonant chord. But the question may be generalised. It may 
be asked* Can three, four, or more notes be so combined as 
to produce a consonant *chord ? In this case the following 
rule holds good, which is nothing more than the generalisa- 
tion of that explained and illustrated in the last chapter : 
In order that a chord, prodijSxd hy three or more notes, may 
he consoruini, it is necessary that the different notes that come 
nose it hear, in respect of the number per second of their vibra- 
tions, simple ratios not only to the fundarnental^note hut 
alscr to each other . This rule shows that ii9» order to 
produce a consonant chord, it is not enough to t^e the 
most simple ratios of octave, fifth, fourth, &c., but it is 
necessary also to bear in mind that the different notes that 
cpmpose it must bear simple ratios to each other. Thus, 
for example, a chord ^rmed by the fundamental note, ita 
fourth, fifth, and ^ave, is clearly dissonant, notwith- 
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standing that these notes are represented by the most 
simple ratios existing — ^ 

• 1439 

^9 

The reason is that the ratio of the fourth to the fifth is 
too complex, and therefore dissonant. In fact, this ratio 
is expressed by which ratio is not comprised amongst 
those giving consonant harmonies. 

3. In this respect a much better chord is obtained by 
substituting the major third for the fourth, notwithstanding 
the fact that it has a more complex ratio with the funda- 
mental note. We thus obtain the notes — 

15 8 0 

whose ratios are — 

X* 5> , 

which are all consonant. 

The above chord is the most consonant that exists in 
music, and it is therefore chUed the ^perfect chord; to 
which is also added the word major, because the major 
third forms part of it, and to distinguish it from the 
^perfect rttinor chord, in which the minor third is substituted 
for the major third. • , 

The perfect major chord, 'as its name expresses, is the 
most consonant chord that can be imagined. In its most 
simple form it is composed of the fundamental note, major 
third and fifth, and it is usual to add the octave. The ratios 
of these notes to each other are V major third, a minor 
third, and a fourth. The resultant i^s which they for^ 
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can be easily determined. In fact, writing the chord in 
figures — • 

1 B S O 

tif • 

by combining each note with all the others, it is seen 
that the resultant notes are the following : — 

1 1 S 1 

The first represents tbe second octave below the funda- 
mental note; the second, the first octave below the 
same note; the third, the octave below the fifth; and 
the last, the fundamental note itself. Therefore the re- 
sultant notes reinforce existing notes, more especially the 
fundamental note, which contributes greatly to giving the 
chord a firm, bold, and decided character. In this respect 
the perfect minor chord is inferior to the first, although 
its structure is not very different. In fact, if it be written 
in the following manner : — 

16 5 0 

'Sf 

it will be seen Uiat the ratios of the successive notes to 
each other are — 

0 6 4 

T> Tf* 

which only differ from those of the major chord by the 
order in which they follow each other. The ratios of the 
notes in the perfect major chord to each other ^are the 
intervals of a major third, a minor third and a fourth • 
whilst in the minor chord they are a minor third, a major 
third and a fourth. The difference is very small in itself, 
and is not enougyto explain the great fundamental 
^difference that exms between these two chords. 
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But a far more conclusive explanation is found by means 
of the resultant notes. These are in the perfect minor 
ohord — 

18 14 1 

T> TffJ T> *• 

The first represents the major third below the second 
octave below the fundamental note, and is a new note in 
the chord, which is dissonant with‘ the fifth ; the second 
is the second octave below the minor third ; the third is 
the octave below the fundamental note ; the fourth is the 
major third below the fundamental note — ^that is to say, 
the second octave above the first resultant note — ^which 
thus adds to the existing dissonance of the chord ; the last 
finally reinforces the fundamental note. 

Whilst, then, all the resultant notes in the perfect major 
chord reinforce the existing harmony, certain of them in 
the minor chord tend to disturb it. If these resultant 
notes were stronger, they would suffice to make the chord 
dissonant. Even as it is, thfey impart lo it a disturbed 
and undecided character. , , 

These two perfect chords, the major and the minor, 
form the Jceystone of our musical system. They are often 
met with compositions, and every piece, of music must 
end witt one or the other. • 

They are, in truth, the fundamental chords, and impart 
to the composition its special character. Pieces founded 
on the perfect major chord have a cheerful, brisk, bold, 
open character, and are therefore Well adapted for the 
expression of such conditions of the On the othe( 
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hand, those founded on the perfect minor chord are sad 
and melancholy, or to express it more exactly, are dis- 
turbed and undecided, and therefore express well condi- 
tions of the mind in which uncertainty and indecision 
play the greatest part. Thus it is seen that theory and 
practice perfectly agree in defining these two fundamental 
chords. It may be added that the history of music also 
corroborates these views. Whilst the perfect major chord 
has been accepted from the very birth of harmonised 
music properly so called, the perfect minor chord was 
considered for a long time rather as a slightly dissonant 
passing chord than as a fundamental chord. Up to the 
time of Sebastian Bach — that is, up to the middle of 
the last century — there were those who would hesitate 
to conclude a' piece df music with the minor chord, even 
when its character demanded it. In Mozart we find a 
certain reluctance to use it as a closing chord ; his pre- 
decessors willingly omitfed the minor third, which 
probabljT did not sound well enough to them. It 
may almost be said that the most highly gifted musical 
natures may have, as it Tjere, felt beforehand tftiat which 
theory has since been able to explain in a%in^le and 
conclusive way. To make this more clear with respect 
to the resultant notes of the two perfect chords, these 
notes are given below, written in the musical notation. 
On the first line are the two chords, on the second the 
resultant notes of ijle first order -which they generata 
^ose of &e &cBtjStdet only are considered, because those 
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of higher orders are only heard under exceptional circum- 
stances, and have no great practical importance. 

PERFECT CHORD. 


MAJOR Mixon 


(T) -ji f 

rr!? zH 

— T| 


1 o 




r — ^ ^ j 
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T 
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j 
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1 1 

l-K _r 

Tl 



4 



JJ 


4. The perfect chord can, however, he used in different 
ways. Carrying one or more of the notes an octave 
higher or lower is called inverting the chord. The chord 
then acquires a somewhat different character from that 
which it had at first, and the resultant notes especially 
are considerably modified. This is a point which can be 
only indicated, as a fuller study of it would require wider 
limits than those of this treatise. However, it may be 
remarked*that music is very riph in this respect, and that 
inverted, Aords constituted the principal resource • of 
Palestrina, and of the comp6sers of 'his school and time. 
Chords which in a given position have consonant resultant 
notes, can be transformed by invertion into others with 
more or less djssonant resultant notes. This is especially 
the case vrith the pejfect minor Vhord, in which the 
slight existing dissonance can be con^derably reinforce4 
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by means of invertion, and can be transfonned into a 
much more marked dissonance. Pcdestrina, "who had cer- 
tainly one of the most finely gifted musical organisations, 
made very great xise of this musical process ; and it is 
wonderful to see how, without being guided by theory, 
and only by the delicacy of his ear, he has been able to 
feel and to appreciate such slight differences. In his music 
he makes hut very little use of true dissonances, hut, on 
the other hand, much use of those secondary dissonances 
which are produced hy the resultant notes hy means of 
invertions of the chords. This justifies the saying of a 
great German thinker, who called Palestrina's music, 
" music of angels, grieving indeed over things terrestrial, 
but not disturbing themselves on that account in their 
celestial serenity.” AS an example, a few inverted chords 
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are given with their resultant notes, taking the simplest 
case of three notes. The other cases are too complicated 
to find room here. 

Besides the perfoiSt chords, major and minor, there 
fiXQ also other ^ple chords. Amongst these may 
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be mentioned the chord formed by the fundamental 
note, fourth, sixth, and octare, and that of ,the funda- 
iiiental note with the third, sixth, and octave, which have 
characters differing somewhat from each other, and 
especially when they are compared with the perfect major 
or minor chord. These chords can be studied by the 
same rules as the perfect chords, and the conclusion is 
easily arrived at, that they are nothing more than these 
last suitably inverted, as is also seen by the example in 
musical notation on the preceding page. 



CHAPTER VI I 

• 

1. Discords — 2 akd 3. The nature of music and musical scales — 
4. Ancient music — 6. Greek scale — 6. Scale of Pttragobas — 
7. Its decay — 8. Ambrosian and Greoobtan chants — 9. Poly- 
phonic MUSIC, harmony, the Protestant Bbfohmation, Palestrina 
— 10. Change of the musical scale, the tonic, and fundamental 
CHORD — 11. The major scale, musical intervals — 12. The minor 
SCALE — 13. Key and transposition — 14 and 15. Sharps and flats 
— 16. The temperate scale, its inaccuracy — 17. Desirability ok 

ABANpONING IT. 

1. Up to this point onJy the case of consonant chords has 
been considered ; but music would be very poor if it were 
limited to these, and to the few notes that compose them. 
It may further be said thaft music formed only of conso- 
nant chords would be extremely monotonous and quite 
without vigour ; it would be a sort of lullaby only intended 
to catch the ear without touching the mind, and without 
expressing anytjiing. 

To increase their resourees, and to acquire greater 
vigour and strength in the expression of their ideas, 
musicians have been obliged to have recourse to dissonant 
notes and chords. 

Strictly speaking, puch greater satisfaction is felt when 
^ dissonant chord Ja resolved into a consonant chord than 
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when nothing but consonant chords has been heard. It 
is the force of contrast which produces these sensations 
in us, just as we doubly appreciate a calm after a storm. 

This is exactly the idea which has unconsciously guided 
music up to our time. Its strength lies in dissonances, if 
they do not last too long, and they be at last resolved into 
consonant chords. 

The perfect chord being the most consonant of all, must 
necessarily close the piece of music. There can be no 
absolute rule for the admission of dissonance, and for 
determining the limit up to which it may be used. All 
this depends on the degree of musical culture and on habit. 
Discords which now are perfectly permissible would have 
appeared monstrosities in the time of Palestrina. On the 
other hand, certain notes adopted by the Greeks at a period 
of decline — as, for example, quarter tones — are decisively 
rejected by us. It is therefore an error which many 
commit, to think that music, add especially modern music, 
has absolute character and values, and therefore to reject 
every musical system which does not agree with ours. 
There is aothing absolute in it but the laws of notes and 
their coml?inations ; but the application of these lawi^is 
rather vague, and there remains a very wide and indeter- 
minate field, which will be traversed in very different ways 
by different nations at various historical epochs. 

2. If the history of music be examined with attention, 
even if all the evidence possible concerning the music of 
barbarous nations be collected, this constant phenomenonc 
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will be found, that music proceeds by notes clearly 
separated from one another. • Among the immense number 
of notes adopted for musical purposes, there are only a fe^ 
that go to make up the various musical systems. A style 
of music in which it would be necessary to pass from 
one note to another, through all the intermediate notes, 
would become almost intolerable. It is true that our 
singers, and violin and violoncello players, sometimes 
make use of this style with success. But the slide from 
one note to another is only tolerated when it is used 
sparingly; and it always remains doubtful whether it 
would not be better to forbear from it entirely. Music 
proceeds, then, by musical intervals^ precisely as a man 
walks With separate, firm, and decided steps. It seems 
that it is in its movement by intervals and by rhythmic 
stepjs, as also by the different shades of piano and fortOy 
crescendo and diminuendo, accelerando and rallantando, of 
legato and staccato, which constitute musical accent, that 
the seerpt of the great impression which music makes 
upon the human heart resides. It has thus very varied 
means of completely adapting itself to the psyohological 
movements whifh constitute any given state ^of mind, 
because it is to be observed that music does not express 
determinate sentiments; however, it is applicable to 
certain states of toind from which a special sentiment may 
arise. That this is the case is easily seen from instru- 
mental music; the determinate sentiment is added by 
means of words united with music. But if the words 
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be taken away, or modified in meaning, it will be Been 
that the same melody and tbe^same music may be adapted 
to widely different sentiments. 

Music is certainly the least material of all the fine arts. 
There is no question in it, as in sculpture, of copying 
idealised nature; nor, as in painting, of uniting to the 
study of nature the geometrical idfea of perspective, and 
the optical idea of colours and their contrasts. Even 
architecture has a larger basis in nature itself. The 
trunks of trees and their brandies, the grotto, the cavern, 
have suggested to the ardiitect the first principles of his 
art, dictated to him by the wants of man and the condi- 
tions of the strength of materials ; but in music nature 
offers scarcely anything. It is true that it abounds in 
musical sounds, but the idea of musical interval is but 
little suggested by the song of birds, and the ide^ of 
simple ratios is almost entirely wanting, and without 
these two ideas no music cah exist. .Man has therefore 
been obliged to create for himself his own in^rument, 
and this is the reason why music has attained its full 
development so much later than its sister arts. Music 
resembl^. architecture more than any either art, as in it 
also numerical relations as'e considered. In fact, the 
height and width of a building or of a room, the height 
and width of windows, the thickness and height of 
columns-^ a word, all dimensions axe linked together 
by numerical relatioa But these axe only approximate 
relatione which allow of a certain amount of freedom. 



MUSICAL SCALES. 


113 


^ whilst in music the relations must be exact, and nature 
revenges itself by beats whenever this fundamental law is 
departed from, however slightly. , 

3. In the music of all nations two unfailing characters 
are found, rhythmic movement and procedure by deter- 
minate intervals. The first appertains also to the speech 
and other acts of man, as walking, swimming, dancing, 
&c. ; the second belongs exclusively to music. 

All nations have selected notes to be used, have col- 
lected together those intended to be together, and have 
thus created one or more mimical scales. 

By musical scale is meant the collection of all the notes, 
comprised between the fundamental note and its octave, 
which succeed each other, and are intended to succeed 
each other, with a certain pre-established regularity. The 
study of the musical scale gives one of the most important 
and concise means of judging of the musical state of a 
nation. The ex^ination of the musical scale is then 
of the greatest assistance, and for this reason a few hints 
will here be given on the most important musical systems 
that history has noticed up to the present time. ‘ ^ 

seems strange that a* few notes put together in a 
musical scale should be able to acquire a true imij^ortance 
in the study of music. If it were a question of an as- 
semblage' of notes made at hazard or capriciously, the 
matter would be of no importance; but the musical 
scale is always the product of the musical activity of 

many centuries. It is not established before music, but 

H 
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is developed with it. A very perfect form of music' 
must have a very perfect scajle; an imperfect and primi- 
tive form of music, on the other hand, will have a scale 
of little value. 

In this respect, also, the comparison with archi- 
tecture holds good.* In Greek architecture, the 
distances between column and* column, and wall 
and wall, were small; the roofs were flat. Everything 
therefore was reducible to vertical and horizontal lines, 
and it is this great simplicity that constitutes one of 
the most beautiful characteristics of this form of archi- 
tecture. The ancient Etruscans invented the arch, which 
allows of greater dimensions without impairing stability, 
and from which comes the vaulted roof, and a more 
magniflcent form of this, the don^e. 

The Eoman architecture is founded on this new dis- 
covery. But the semicircular arch becomes unstable when 
of large dimensions; it is fmind tha*t,the j)omted arch 
answers the purpose better in certain cases. It allows of 
and demands* greater height in the buildings, and is 
accompa^^ifed by an admirable development of details 

c 

which are perfectly adapted to it, and ^ it is thus that 

the GofSc style in all its immense variety was developed. 

Thus a simple consideration of stability and strength has 

caused different nations to find different solutions, and 

from three simple primitive forms, three magnificent styles 

of architecture have been developed, which differ from 
% 

* Helmholtz, Op. cit. 
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each other so much that it would almost be thought that 
they had nothing in commoA. 

4. Primitive music is as ancient as history itself. From 
the high plains of Asia, where many ancient historical 
traces of it are found, it followed man in his wanderings 
through China, India, and Egypt. One of the most ancient 
books, the Bible, speaks of music often and from its 
earliest pages.* 

David and Solomon were very musical. They composed 
psalms full of inspiration, and evidently intended to be 
sung. To the latter is due the magnificent organisation of 
the singing in the temple at Jerusalem. He founded a 
school for singers, and a considerable band, which at last 
reached the number of four thousand trumpeters, the 
principal instruments 'being the harp, the cithern, the 
trumpet, and the drum. 

The history of the development of Greek music has a 
more important bearing on the question now under con- 
sideration. It is incontestably established that the Greeks 
had no true principle of harmony even in their^most pros- 
perous times. The only thing that they did iif this re- 
spect was to accompany in octaves when menN^ld boys 
executed the same melody. 

Thus their instrumentation only served to reinforce the 

* [At Genesis iv. 21, speaking of the generations of Cain, it says ; 
** And his brother’s name was Jubal. He was the father of all such as 
handle the harp and organ.” These words do not prove in the lea^st 
that the organ was in existence at that ^ime, but they are certainly 
characteristic.] 
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voice part, whether it were played in unison or in octaves, 
or whether more or less complicated variations were exe- 
cuted between one verse and another, or even between the 
parts of a verse. With them music was an auxiliary art, 
intended to increase, by idealising it, the effect of words. 

The development of their music must be regarded only 
from this point of view, and in tliis respect it must be 
admitted .that they arrived at a considerable degree of 
perfection, notwithstanding the truly primitive form under 
which it appears at the present time. It was, in fact, a 
sort of lofty declamation, with more variable rhythm and 
more frequent and more pronounced modulation than 
ordinary declamation. This music was much enjoyed by 
the Greeks, and when it is considered that the Greeks 
were the most artistic and most creative nation that has 
ever existed, it becomes necessary to look with care for 
the refinements which their music must, and in fact does 
contain. ^ 

6. The Greek musical scale was developed by successive 
fifths. Eaising a note to its fifth signifies, as has been 
seen in tiie fifth chapter, multiplying its number of vibra- 
tions pp* second by f. This principle was rigoroftsly 
maintained by the Greeks ;* rigorously, because the fourth, 
' of which they made use from the* very beginning, is 
only the fifth below the fundamental note raised an 
octave. To yaake the tracing out of these musical ideas 
clearer, recourse will be had to our modem nomenclature, 

c 

making the supposition that our scale, which will h|^ 
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studied later on in its details, is already known to the 
reader ; calling the fundamental note e, and the successive 
notes of our scale d, e, f, g, a, h, c, with the terms sharpie 
and flats for the intermediate notes, as is done jn our 
modern music. In this scale the first note, the c, repre- 
sents the fundamental note, the others are successively 
the second, the third* the fourth, the fifth, the sixth, the 
seventh, and the octave, according to the position which 
they occupy in the musical scale. 

If the c he taken as a point of departure, its fifth is g, 
and its fifth below is /. If this last note he raised an 
octave, so as to bring it nearer to the other notes, and if 
the octave of e be also added, the following four notes are 
obtained : — 

. c,f,g,c, 

whose musical ratios are — 

14 8 0 

-*■> Sf ir> 

These four notfes; according to an ancient tradition, con- 
stituted ihe celebrated lyre of Orpheus, Musically speaking, 
it is certainly very poor, but the observation is interesting, 
that it contains the most .important musical intervals of 
declamation. In fact, when an interrogation i^pade, the 
voice rises a fourth. To emphasise a word, it rises another 
tone, and goes to the fifth. In ending a story, it falls a 
fifth, &c. Thus it may be understood that Orpheus' lyre, 
notwithstanding its poverty, was well suited to a sort of 
musical declamation. 

t Progress by fifths up and down can be further continued 
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The fifth of g is d, and if it he lowered an octave, its musical 
ratio will be The fifth belaw / is whence its musical 
ifitio when raised an octave is V. We have then the 
following scale : — 

c, d, fy g, 6b, c, 
whose intervals are — 


which is nothing more than a succession of fifths, all 
transposed into the same Octave, in the following way : — 
hb,/, Cy gy d. 


This is the ancient Scotch and Chinese scale, in which 
an enormous number of popular songs are written, 
especially those of Scotland and Ireland, which all have a 
peculiar and special colouring. 

6. But the scale can be continued further by successive 
fifths. Omitting, as the Greeks did, the fifth below 6b, and 
adding instead three successive fifths upwards, we shall 
have a as the fifth of d, and e as the* fifth of a; and 
finally, 6 as the fifth of e. 

The ratios of these notes, when brought into the same 
octave, will be — • 


27 81 213 


whence the scale will be the'following 


c, d, e, f, g, a, I, c, 

with the ratios — 

h I Si, s, s. ih m, 2. 

« 

The first and the second of the last three fifths men- 
tioned above, the a and the e, were introduced, by Ter-^ 
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I 

pandro ; the last, the 6, by Pythagoras, whence the Greek 
scale stiU bears the name ,of. the Pythagorean scale. It 
is formed, as has been seen, by successive fifths — that is 
to say, with the fundamental idea of simple ratios. 

But it is necessary to observe that the execution of this 
idea is not entirely happy. It is true that the law of 
formation is very simple, but the individual notes have, 
nevertheless, an origin very distant from the fundamental 
note. The mode of formation of the scale was well suited 
for tuning the strings of the lyre, and this seems to have 
been one of the principal motives for adopting this mode 
of formation ; but the interval between any two notes of 
the scale is anything but simple. It may thus be seen 
further that some of the notes bear extremely complex 
ratios to the fundamental note. 

This is especially the case with the three notes last 
introduced into the scale — ^that is to say, those corre- 
sponding to our and 6-^ which no longer bear simple 
ratios to the fundamental note, being expressed by the 
fractions H-, 

The last would not be a matter of much importance. 
The I can only be considered as a passing note, which 
by its open dissonance leads up to the c, or other 
consonant note. Its being more or less dissonant does no 
harm, and may in certain cases be pleasing. But that the 
third and sixth bear complex ratios is a grave defect, and 
this is probably the principal reason why th’e Greek music 
did not develop harmony. Thef Pythagorean third and 
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sixth are decidedly dissonant, and with the fourth and 
fifth alone no development pf harmony is possible, the 
more so that the interval between the fourth and fifth is 
rather small, and therefore dissonant. 

7. The Pythagorean scale held almost exclusive sway 
in Greece. However, in the last centuries before the 
Christian era — that is to say, during the period of Greek 
decline in politics and art — many attempts at modifying 
it are found. Thus, for example, they divided the interval 
between the notes corresponding to our c and d into two 
parts, introducing a note in the middle. At last they 
went so far as to again divide these intervals in two, thus 
introducing the quarter tone, which we look upon as dis- 
cordant. Others again introduced various intervals, founded 
for the most part rather on theoretical speculations than 
on artistic sentiment. 

All these attempts have left no trace behind them, and 
therefore are of no importance. But the Pythagorean 
scale passed from Greece to Italy, where it held sovereign 
sway up to the sixteenth century, at which epoch began 
its slow tand successive transformation into our two 
musical scales. . » 

It ought to be added that the Greeks, in order to 
increase the musical resources of their scale, also formed 
fTom it several different scales, which are distinguished 
from the first only by the point of departure. 

c 

The law of formation was very simple j in fact, suppose 
the scale written as follows: — 
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Cy d, e, /, ff, a, t, c. 

Any note whatever may be taken as a starting-point, and 
the scale may be written, for example, thus — * 

e, /, g, a, h, c, d, e; 

or — 

a, J, c, d, e, /, g, a, &c. 

It is evident that seven scales in aU can be formed in 
this way, which were not all used by the Greeks at 
different epochs, but which were all possible. A musical 
piece, founded on one or other of them, must evidently 
have had a distinctive character ; and it is in this respect, 
in the blendings of shades, that Greek melody must be 
considered as more rich than ours, which is subject to far 
more rigid rules. 

8, The different Greek scales underwent much dis- 
turbance in Italy. Ambrose, Bishop of Milan, and 
later, Pope Gregory the Great, had the merit of re-estab- 
lishing the first ■four; an^ the second, the rest of the 
Greek scales. Thus ecclesiastical music [the Ambrosian 
and Gregorian chants] acquired a clearer and more elevated 
character. It was a recitative nn a long-sustained or 
shcfi-t note, according to the words that accomjginied it, 
music for a single voice, whfch is still partially retained, 
and which may be said to differ from the Greek music 
only by the purpose for which it is intended. 

9. In the tenth and eleventh centuries^ an attempt 
was begun, especially in Handers^ at polyphonic music — 
tihat is to say, at music for several voices. It consisted in 
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combining together two different melodies, so as not to 
produce discord. This sort of jnusic also advanced rapidly 
i!i Italy. In the time of Chiido d' Arezzo, the celebrated 
inventor of musical notation, such pieces were composed, 
in which frequent use was made of successive fifths — a 
thing most displeasing to the ear, and which we now look 
upon as a serious mistake in mu^c. By the impulse 
of Josquino and Orlando Tasso, the last and perhaps the 
most important composer of that school, polyphonic music 
was developed in a surprising manner. Three, four, and 
more melodies were combined together in a most compli- 
cated fashion, in which the art of combination had a much 
more considerable part than artistic inspiration — ^mere 
tours de force without any musical worth ! Such music 
was especially cultivated by chm’ch singers, to whom 
was thus given a means of displaying their own ability. 
The voices were interwoven in a thousand ways, and 
the only restraint on the coiliposer was not to produce 
unpleasant discords. Luther’s great Eeformal;jon put 
an end to this fictitious and artificial style of music. 
Protestantfsm rising into importance at that time, made 
it a necessity that church singing should be executed 
by the congregation, and not by a special class of singers. 
The music was therefore obliged to be simplified to put it 
within the power of all. The ground was already prepared 
for this. The Troubadours, Minstrels, and Minnesanger 
had developed primitive and simple melody, whence 
sprang madrigals and popular songs. And thus for 
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polyphonic music another form was substituted, in which 
the different voices sustain, each other. 

Harmony properly so called arose from these simple 
and sustained chords, and from the easy movement of the 
different voice parts. 

The shock of the German movement was felt even in 
Italy, where musical reform was initiated in a truly genial 
way by Palestrina, partly, indeed, to follow the deliberations 
of the Council of Trent. Palestrina abandoned the artificial 
method in use up to that time, and laid the most stress on 
simplicity and deeply-artistic inspiration. His composi- 
tions (‘'Crux fidelis,” “ Improperia,” “Missa papae Mar- 
ceUi,” &c.) are, and always will be, a model of that style. 

10. But so radical a transformation could not be brought 
about by one individual, nor in a short time. The Pytha- 
gorean scale, whicli was in general use at the time, was 
opposed to a true development of harmony, and the more 
so when the execution of» the music was intrusted to 
human yoices in which every discord becomes doubly 
perceptible. True harmony could only be developed by 
means of the successive transformations of tfi^ musical 
scale into another, in which the ratios of the notes to the 
fundamental note, and to eaeh other, were as simple as 
possible. It is thus that the different Greek scales have 
been transformed by degrees into cur two modem scales — 
that is, into the major scale and the mxTwr scale. The first 
•was more easily to he found, but the second, with its two 
variations for the ascending and descending movement, is 
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not found completely developed until the seventeenth 
century, when music had attained an admirable degree of 
development, and when there were magnificent schools of 
music and singing in the principal citios of Italy. 

Yet another idea characterises our modern music : tlie 
idea of the fundamental note and chord. This idea did 
not exist in Greek music, although certain passages of 
Aristotle point to something similar. It did not exist in 
the Ambrosian chant, but began to be developed with 
polyphonic music. The interlaced singing of the Middle 
Ages demanded, as a practical condition, tliat the different 
singers should frequently return to one note, as to a firm 
resting-place, in order to keep together. The more com- 
plicated the harmony was, the more necessary such a 
resting-place became. It is thus: that the idea of the 
fundamental note or tonic was developed, and later, the 
idea of the fundamental chord and of key. This precept 
has become more and more 'rigid, as*- music has become 
more complicated. It is now required that a ^ piece of 
music should begin and end with the fundamental chord, 
which can only be a perfect^ major or minor chord, and 
that in jjie following out of the musical idea, and in«the 
development of the great masses of chorus and orchestra 
the fundamental note should often jrecur, as a necessary 
resting-place for our comprehension. 

This idea was only slowly developed. In the music of 
Palestrina and of his successors it had not reached that 

c 

clearness -vv’Mcli is required at the present day. And th^ 
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is perhaps the principal reason why this music, notwith- 
standing its simplicity and 'great beauty, appears some- 
what confused, and rather quaint than beautiful. 

11. These facts being premised, it is now time to 
examine in detail the formation and the properties of our 
musical scale, as they have been thus necessarily developed 
by the requirements o^ polyphonic music and of harmony. 
The scales which are adopted now are two in number : the 
major scale and the minor scale. The last having yet 
another modification, which may be considered as the 
point where the one passes into the other. 

In order to hear our scale in its most perfect possible 
form, use may be made of an instrument (fig. 29) invented 
by Seehech and perfected by Konig. A strong clockwork 
movement, enclosed in** a box P, enables a regular move- 
ment of rotation to be given to a metallic disc placed at 
0. The disc carries eight series of holes, placed con- 
centrically to the“s£ftne circle at equal distances from each 
other. Tubes of iiidiarubber. A, B, C, are so arranged 
that any circle of holes can be blown against at, will, so as 
to produce different notes. It is, in fact, a siren ^n which 
the*^ rotatory movement is produced independently of the 
current of air. The eight circles, beginning with the inner 
one, have the following numbers of holes : — 

24, 27, 30, 32, 36, 40, 45, 48. 

But as the number of vibrations per second of the notes 
produced is proportional to the number of impulses, and 
tiiis to the number of holes, it follows that at equal 
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velocities the above numbers ■will express the relative 
number of the vibrations. Dividing by 24, the following 
ratios are obtained : — 



Tig. S9. 


different circles of holes be successively blown against, it 
will be heard, that the major scale is obtained. And it 
may be added that this^cale is perfect, because it satisfies, 
even in theory, the law of exact ratios. <- 


MODERN AND PYTHAGOREAN SCALES COMPARED. 127 


The major scale is therefore constituted by the following 
ratios : — 


which are called — 


10 5 4 3 5 

T) 


15 O 
f 


i 


c, d, e,/, ff, a, &, c. 


In it, as may be seen, the major third, -J, the fourth, 
the fifth, the sixth,**!, form consonant harmonies with 
the fundamental note, which harmonies have already 
been deduced from theory. They are the most simple 
ratios which can be mentioned. It may further be seen 
that these ratios have been substituted with advantage 
for some of the more complicated ones of the Pythagorean 
scale ; especially the third and the sixth, which in it were 
dissonant, and which are now consonant. The second, |, 
is the same as in the* Pythagorean scale; the seventh, 
y, is considerably simplified. It may be said, then, that 
this scale is nothing more than a modification of the 
Pythagorean scale, »made w^ith the idea of keeping the 
same notes in such a form, however, that they should 
satisfy the law of simple ratio. It is clear and evident 
that this scale must therefore lend itself to harmony, 
whilst the Pythagorean scale was decidedly opposed to it. 

But it is not enough that th^ ratio of the note to the 
fundamental note should be simple, it is necessary that 
the ratios of the notes to each other should also be simple. 
It will not be possible in this treatise to examine the 
question with all the necessary details ; the most remark- 
^ie properties of our major scale may, however, be made 
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known. The ratio between one note of the scale and its 
antecedent note is called a musinal interval, a ratio which 
is found by dividing one by the other. In this respect 
the comparison with the Pythagorean' scale is very in- 
structive. The Pythagorean scale is expressed by the 
following ratios: — 

1 0 81 4 3 27 2I3 0 

-^9 TO Tir» 

The intervals are therefore as follows : — 


Q 0 260 900 260 

8> 114 ¥> ¥> 


On this scale, therefore, the intervals are of two classes : 
the one a somewhat large interval, which is called a 
whole tone ; the other smaller and more complicated, 
III, which is called a semitone. The Pythagorean scale 
is composed of five whole tones ail equal to each other, 
and of two complicated semitones, one placed between 
the third and fourth, the other between the seventh and 
octave. 

Our major scale has the following ratios : — 


Its intervals are — 


1 0 6 4 3 5 16 
¥> T* ¥> ¥? ¥ > 


2 . 


0 

¥> 


10 16 0 10 0 16 
¥ > ¥> ¥ > ¥> Xy 


In it the intervals are therefore of three classes : the largest, 
I, which occur three times, are the same as the Pythagorean 
intervals ; others, a little smaller, V®, are met with twice. 
They are both palled whole tones, but to distinguish one 
from the other, | is called a major tom, and V a minor 
tone. The third interval, considerably smaller than 
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^wo first, is met with twice, and in the same place as 
the Pythagorean interval is called a major semi- 

tone, to distinguish it from another smaller semitone, 
which will be spoken of later on, and which is called a 
minor semitone. If no distinction be made between the 
major and minor tone, it will be seen that the major scale 
presents, like the Pythagorean, five tones, and two semi- 
tones, distributed in the same order. The difference 
between the two scales lies in this, that we make a 
distinction between the major and minor tone, and that 
our semitone is much more simple than the Pythagorean. 
We have thus three different intervals instead of two, 
and therefore a greater complication, which however is 
amply conipensated for by the simpler ratios and intervals. 
To this may be added that the greater complication which 
has been pointed out constitutes even by itself a greater 
variety, and hence a greater richness, in our music. 

Certain musical njceties— «.s, for example, the somewhat 
different ^character possessed by the different keys — find 
their most natural explanation in this greater variety 

of musical intervals ; and in truth, since, for ex&jpple, the 

• 

interval between c and d is not equal to that between 
d and e, to play c d is not ihe same thing as to play 
d e. The same reasoning applied to a whole piece of 
music, shows that the selection of the first fundamental 
note and of the key modifies somewhat the order of the 
intervals, and thence also the musical character of the 
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12. The second of our scales is the minor scale, in which^ 
the minor third is substituted for the major third, and 
Wie sixth and seventh are modified. It is composed of the 
following ratios : — 


1 0643809 

ISf ir> 3» "KJ -*• 


Its intervals are the following : — 

0 16 10 0 16 o' 10 
1 6> F > 1 6> 0 • 

In it the same intervals are found as in the major scale ; 
the interval ^ three times, twice, and twice. The 
minor scale, then, only differs from the major in that the 
same intervals are differently distributed. 

The minor scale is also used in the following form : — 


1 


0 6 4 3 6 

> "Sj “2) 


1 6 
^ y 


2 . 


In which the intervals are — 


0 16 10 9 10 0 16 

TJy V > ¥> V > ¥> TT* 


This scale is composed, for Jihe first ^^alf, of the minor 
scale, and for the second half, of the major scale. The 
intervals are again the same, only differently distributed. 
The secphd form is adopted by preference for the 
ascending scale — that is to say, for the movement fjom 
bass towards treble — whil^ the first form is adopted for 
the descending scale, from treble to bass. 

The minor scale, then, has as its characteristic note the 
minor third, whilst the major scale has the major third. 
These two Scales may therefore be considered as the 
further development ctf, and emanation from, the perfect 
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major and minor chords, with which they are closely 
allied. A piece of music, written in the major scale, has 
the major chord as its basis ; the minor chord is reserved^ 
for those pieces which move within the minor scale. 

The characteristic difference between the two scales lies 
in the thirds. Now the interval between the major third, 

and the minor third, is found by dividing one by the 
other. It is, then, |-|, a smaller interval than the*major 
semitone, and on this account is called the minor 
semitone. It may therefore be concluded that the whole 
of the great difference which exists between the major 
and minor scale may be reduced to the presence or 
absence of onje minor semitone in the interval of the third. 
However small this difference may be mathematically 
speaking, it is very greait from an artistic point of view. 
Those points discussed with respect to the two perfect 
chords [see chapter vi.] also hold good for the two 
scales. The majoi' scale and ^11 pieces founded on it have 
an open, olieerful, bold character ; pieces that are based on 
the minor scale are sad, melancholy, and, above all, 
undecided. The reason for, this is to be found in the 
different resultant notes, which are produced by the two 
perfect chords; they are alsd again met with in the 
scales. In conclusion, it may be said that variations so 
small as to appear unimportant considerably modify the 
character of a piece of music. 

In this respect the scale is like the skeleton of organised 
b#ftigs, who show different characters, tendencies, and 
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developments as soon as characteristic dififerences are set 
up in its construction. r 

'■ 13. One last step remained to be made in music, and it 
is not probable that it is as yet entirely made. The scale 
must now be considered from a fresh point of view, when 
it will be seen that it is infinitely richer in resource than 
would be at first sight imagined. * 

This step consists of transposition, and of modulating 
from one key to another in the most artistic manner. 

Consider an instrument with fixed notes, such as the 
pianoforte, and su^jpose that the scale begins on c, and 
that some piece of music — ^for example, a melody — is 
founded on this scale. Its fundamental note or tonic is 
then c. But it may happen that a singer who is to 
execute this melody finds it too. low or too high for his 
voice, and he prefers to transpose it, so that the tonic may 
be, for example, g. 

This is permissible, since ft has been seen as a general 
proposition that any note, whatever may be its number of 
vibrations per second, may be used as a point of departure, 
since alj Ihe successive notes remain in determinate ratios 
to the first or fundamental note; which signifies, jvith 
respect to the scale, that ‘the intervals remain the same 
when the tonic is moved from c to g. 

Now, if the major scale be examined, it will be found 
that if the fundamental note be c, there is the interval of 
a semitone 'between e and / — that is to say, between the 
thitd and fourth ; the same interval is found between h 
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\ or between the seventh and octave. If the piece, then, 
be transposed from c to g, in .order not to alter the disposi- 
tion of the semitones, it must be referred to a scale which 
begins on g, and has the interval of a semitone between 
the third and fourth, and seventh and octave. But if this 
scale be written simply in the following way, as the 
Greeks wrote theirs 

^y f y 9> 

it will be seen that between the third and fourth — ^that is, 
between h and c — there is the required interval of a semi- 
tone. This is not, however, the case between the seventh 
and octave — that is, between / and g. The semitone is, on 
the other hand, found between the sixth and seventh — 
that is to say, between e and /. The scale, then, does not 
preserve the original ofder of the intervals. The desired 
order of intervals can, however, easily be obtained by 
raising/ a semitone, since then the interval between the 
sixth and seventh h^comes » tone, whilst that between the 
seventh and octave becomes a semitone, 

14. Eaising a note a semitone signifies raising that note 
to its sharp y as lowering it a semitone signified flowering 
it to its fiat In theory, raising a note to its sharp means 
multiplying the number of vibrations per second of that 
note by the ratio |J, which is the ratio of the number of 
vibrations per second of two notes at an interval of a 
minor semitone. To lower it to its flat, on the other 
hand, means to multiply its number of 'Vibrations per 
^cdnd by the inverse ratio |J. • 
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Every transposition from one tonic to another carries 
with it the necessity of raiging certain of the notes to 
•their sharps, or lowering some others to their flats. That 
which has been explained for one example holds good for all 
cases. The tonic can be changed from c to g, to to/, &c. — 
that is to say, to each note of the scale. By tliis operation 
a quantity^ of new notes is obtained*, and experiment shows 
that every note of the scale ought to be able to be raised 
to its sharp. To return to the example of the pianoforte, 
it is seen that it is necessary to add to the seven white 
keys of an octave seven black keys, and not five, as is 
done in practice ; as raising to a sharp means rising through 
the interval and tliis interval does not exist in the 
simple musical scale. 

This idea may be better explained by an example. 
Between e and /there is an interval of a major semitone, 
{ J. If e then be raised to its sharp, a note is found by 
rising through the smaller interval .|^ which is near /, 
but lower, e sharp, then, does not coincide with /, as 
pianoforte-players are prone to believe. 

But tlfere is no need for music to stop at this first 
transposition. When it is once admitted that the tonic 
can be changed, for example, from c to g, it can be then 
changed from c to c sliarp. The same considerations, 
therefore, must be made for the superadded seven black 
keys that have already been made for the white keys. If, 
then, the tonic be changed successively to each of the 
sharps, in order to keep the intervals the same Itcjs 
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necessary to raise some of the sharps a semitone, or 
tlirough another interval of.fj-. Double sharps are thus 
obtained, which being composed of two minor semitone^, 
are not exactly equivalent to a whole tone, whether major 
or minor. In fact, to take a single example, the double 
sharp of c is obtained by multiplying its number of vibra- 
tions per second by twice over — ^that is, by This 
fraction, then, represents the interval between c and c 
double sharp, whilst the interval between c and d is 
represented by the considerably greater ratio These 
two notes, then, are not identical with each other. 

The conclusion is thus arrived at, that to take into ac- 
count all possible transpositions of this kind, it would be 
necessary to have the seven original notes — seven notes 
for the sharps, and seven notes for the double sharps. 

15. Another class of transpositions carries with it the 
necessity of lowering by a semitone one or other of the 
notes of the scale .by mulMplying by |J, which is called 
^ lowering a note to its flat. The same considerations which 
have been made for the sharps hold gooii also for the 
flats. 

•Reasoning in the same way, the conclusion is arrived at, 
tli^ seven new notes occur for the flats, and seven others 
for the double flats. It may be added as a general propo- 
sition, that these new notes do not coincide with those 
already mentioned for the sharps. In executive music, 
and especially for the pianoforte, it is generally admitted 
/hat the sharp of a note is equivalent to tlie flat of the 
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successive note, that, for example, c sharp is equivalent to* 
(L flat ; but this is not strictly accurate. In fact, taking c 
Ut 1, c sharp is expressed by ff. But d is whence d flat 
would be I multiplied by |i, which gives fj, a value 
different from and greater than the first, c sharp is 
therefore somewhat lower than d flat. Similar considera- 
tions can be made for all the other notes at whole intervals. 
As to the semitones of the scale, the considerations remain 
the same. If the interval e to / be taken, for example, 
which is equivalent to a major semitone, and therefore is 
represented by | as sharps and flats correspond respec- 
tively to the intervals |-J- and ||, it follows that e sharp 
does not coincide either with /flat or /, and that therefore 
four distinct notes must be distinguished — g, / flat, e sharp, 
and /. Indeed, in composition^ a distinction is made 
between these four notes, and a composer may not con- 
found them one with another. 

It follows that the pianoforte, in or^pr.to take into strict 
account all these exigencies, ought for each octave to have 
one set of seVen keys for the original notes of the scale, 
and also^four other sets, each of seven keys, for the sharps, 
double sharps, flats, and double flats — that is to ga,y, 
thirty-five keys in all to each octave. It is true that 
some of these many notes sensibly coincide with each 
other, so that even a somewhat smaller number of notes 
would satisfy scientific exigencies ; but it is none the less 
true that mhsic, especially instrumental music, cannot 
follow out such great 'complicatiolis. 


'V 
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^ 16. As music, then, has developed in respect to all 

possible transpositions, many attempts have arisen to 
diminish the excessive number of notes, and to render 
practical execution more easy. These attempts are all 
founded on the principle of abandoning strictly mathe- 
matical ratios, and of being content, on the other hand, 
with approximately oorrect notes, so long as. the error is 
not too perceptible to the ear, and of considering as the 
same notes differing but little from each other. The 
fruit of these manifold attempts, which arose particularly 
towards the end of the seventeenth and beginning of the 
eighteenth centuries, is the temperate scale, which reached 
its full development at the middle of the last century, 
especially by means of the works of Sebastian Bach, who 
dedicated to it forty-.eight of his most inspired preludes 
and fugues. It starts with the principle of making no 
distinction between the major and minor tone, of con- 
founding the n^ajor semitone with the minor semitone, 
and of considering the sharp of a note as equal to the flat 
of the succeeding note, so that all the notes of an octave 
are reduced to twelve only, wliich are consutered equi- 
distant from each other; and it is on this principle that 
our pianofortes, organs, &c., are constructed, where all 
the notes comprised in an octave are provided by seven 
white keys and five black ones. 

The temperate scale has become generally accepted; it 
has so come into daily use that, for the most part, our 
Modern executant musicians no longer know that it is an 



138 


THE THEORY OF SOXTND. 


incorrect scale, bom of transition in order to avoid the 
practical difficulties of musical execution. The great pro- 
gress made in instrumental music is due to this scale, 
and, above all, the ever-increasing importance of the 
pianoforte in social life is to be attributed to it. 

But, no doubt, it does not represent all that can be done 
in this respect. It would certainly* be very desirable to 
return to the exact scale, with a few difficulties smoothed 
over to meet the requirements of practice ; for it cannot 
be denied that the temperate scale has destroyed many 
delicacies, and has given to music, founded on simple and 
exact laws, a character of almost coarse approximation. 
But before continuing this argument, I will give, as an 
example, the values of the • different scales, so as to 
make the measure of their differences more striking. 

Supposing the fundamental note makes 240 vibrations 
in a second of time, and calling it c, our major scale ia 
represented by the following figures • • 

c d e f g a h c • 

240, 270, 300, 320, 3G0, 400, 450, 480. 

The minoi scale by — 

240, 270, 288, 320, 360, 384, 432, 480. ^ 

The Pythagorean scale, comparable with our major scale — 
240, 270, 3032, ^20, 360, 405, 455|, 480. 

Lastly, the temperate major scale has — 

240, 269|, 302|, 320|, 359|, 403|, 453, 480. 

If the temperate scale be compared with the mathe- 
matical scale, it is seeif that with the exception of th^ 
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Fundamental note and tlie octave, none of the other notes 
coincide exactly. In the temperate scale all the notes are 
somewhat modified to a greater or less degree. * 

Taking, for example, the third, this gives in our example 
300 vibrations per second for the exact scale, and 302'^ 
for the temperate scale. Therefore there is a difference, 
in this case of 2| vibrations per second. It^may be said 
that this difference is small; however, when it is con- 
sidered that it is equal to about | of that furnished by the 
Pythagorean scale, in which the third is represented by 
303 J, it must be admitted that it cannot be neglected. 
It has been seen that in Greek music there was no 
development of harmony, especially because the third and 
sixth were dissonant. It must be concluded that our 
harmony founded on^ the temperate scale is also very 
defective. 

Another argument must be put forward. The differ- 
ence in our example betvieen the major and minor third 
is 12 vibrations per second — the first being 300, and the 
second 288 vibrations per second. But li 12 vibrations 
per second in this most delicate and sensitif^ note are 
eBiPugh to change the character of the fundamental chord 
of the scale, and of the whole piece of music founded on 
it, it must be allowed that 2| vibrations per second cannot 
be quite immaterial, and must therefore produce a sensible 
discord. 

Lastly, it is known that whenever a chord is not in 
perfect tune, it gives rise to beats. On the pianoforte 
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these are not very perceptible, but on instruments with 
full, loud, and sustained notes, such as the organ, they 
may be recognised in a most unpleasant degree, especially 
when they are frequent. In the example chosen, they 
would only be 2| in a second, which becomes sufficiently 
unpleasant, although there have been here produced low 
notes of 200^ and 300 vibrations per second. For the high 
notes the beats are much more frequent. Applying the 
example to the next higher octave, the number of vibra- 
tions per second of the two notes, and with this the 
number of beats per second, are doubled, which must 
produce a most unpleasant effect. 

Even the resultant notes are considerably altered, and 
instead of reinforcing existing notes, and entering into the 
general harmony of the chord, they appear discordant — 
not indeed loud enough to produce true dissonance, but 
sufficiently so to disturb the serene quiet and the trans- 
parency of a chord. , . 

It follows that music founded on the temperate scale 
must be considered as imperfect music, and far below our 
musical sghsibility and aspirations. That it is endured, 
and even thought beautiful, only shows that our ears h^ve 
been systematically falsified from infancy.* 

* Cornue has lately made some moat ingenious experiments, in which 
he measured directly the number of vibrations per second of the notes 
produced by good singers and violin-players, whilst they executed a pure 
melody with the greatest possible care. He found that they made use 
neither of the exact nor of the temperate scale, but of a scale differing 
but little from the Pythagorean ; , from which he concludes that th^ 
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17. Professor Helmholtz has had an harmonicon con- 
structed, on which he can play at will in the exact or tem- 
perate scale, on purpose to see if there really is an appreci- 
able difference between them. As soon as the ear becomes 
a little practised, the difference becomes most striking. 
In the exact scale the consonant chords become much 
sweeter, clearer, and more' transparent, th^ dissonant 
chords stronger and rougher ; whilst in the temperate scale 
all these things are mixed together in one uniform tint 
without any distinct character. The resultant notes 
have greater importance in the former, and in general the 
music acquires a more decided, open, robust, and sweet 
character. Fact, therefore, demonstrates that the results 
of theory are not mere speculations or pedantic exagge- 
rations, but that they .have a true and real value, such as 
ought to be accepted even in practice. 

The wish may then be expressed that there may be a 
new and fruitfuLeo at hand for music, in which we shall 
abandoj tlie temperate scale and return to the exact scale, 
and in which a more satisfactory solution of the great 


P5<ihagorcan scale ought still to be looked upon as the scale of melody, 
whilst our modern scale must be considered as the scale of harmony. 

In truth, this distinction, even if it exist, is of no great practical im- 
portance, since pure^melody without harmony does not exist at the present 
day, and would be no longer enjoyed. And it is enough for a song to be 
accompanied by the most simple harmony, to oblige the singer to adopt 
the scale of harmony, if he would avoid discord. The fact, however, is 
very interesting in itself, and merits careful examinationr It demonstrates 
a certain tendency in us to select the Pythagorean scale in melody, and 
^ives a very natural basis to the melodious music of the Greeks. 
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difficulties of musical execution will be found than that 
furnished by the temperate scdle, which, simple though it 
may be, is too rude. 

But all the stringed instruments, which are the very 
soul of the orchestra, and the human voice, which will al- 
ways be the most satisfactory and most mellow musical 
sound, have their notes perfectly free!,* and can therefore be 
shifted at the will of tlie artist. Tlie return to the exact 
scale does not present any serious difficulty to them. The 
same may be said with respect to the wind ingtrumeiits, 
wliich are still very imperfect, notwithstanding the great 
progress already made, but in which the player can, 
by changing his lip, somewhat raise or lower the note. 
A flute or trumpet player can therefore play in the exact 
scale, just as he already plays in- the temperate scale; 
and the same considerations liold good for the greater part 
of the wind instruments. It does not therefore appear 
impossible, or even really difficult, for ‘the full orchestra 
and chorus to , perform a piece of music in the exact 
scale. 

Greater ‘difficulties are met with in the case of instru- 
ments with fixed notes, such as the pianoforte and tfie 
organ. TJie pianoforte is, indeed, so imperfect an instru- 
ment, that notwithstanding the great reputation which 
it enjoys, it cannot be given any important place in 
executive mu^c properly so called. In fact there is no 
pianoforte in the orchestra, and it is thus confined to the 
drawing-room and the concert-room. The great defeciN 
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of the pianoforte is that the notes die away rapidly, what- 
ever may be the skill of th6 player. Beats and resultant 
notes are therefore perceived with difficulty. As a con- 
sequence, even discord becomes less perceptible, and this 
is the reason why the sound of an instrument that does 
not keep in tune from one day to another is tolerated. 
The pianoforte is, truly, the instrument of the temperate 
scale ; it has been developed, has lived, and probably will 
decay with it. Its defects have had an observable 
influence on the music written for it. Sustained melody 
has been more and more obscured ; for it have been sub- 
stituted infinite and complicated musical figures, scales, 
cadences, shakes, &c., calculated rather to call up the 
pride of a brilliant executant than the musical sentiment 
of the hearers. For the few simple lines of great musical 
works, were substituted infinite arabesques of a new order 
of the grotesque. 

Eeforms of thiS nature naay appear superfluous in the 
case of am instrument which does not keep ;n tune. But 
this is not the case with the organ, which has almost lost 
its reputation, together with the church in which it^s princi- 
pally used ; but, musically speaking, it will always be an in- 
strument of great value. In it the beats and resultant notes 
are strongly pronounced, and ought therefore to induce us 
to undertake the important reform of the musical scale. 
But it is evident that if it be desired to provide the organ 
with aU the notes necessary, it wquld lead to very great 
oftnplication ; but it appears, according to a proposition of 
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Helmholtz’s, that by starting from somewhat different 
considerations, it is possible tb provide for everything in 
a very satisfactory manner, with twenty-four notes per 
octave. This is double the number of keys which we 
have at present ; but when the great ability of our piano- 
forte-players with twelve keys per octave is taken into 
consideration, it may well be believed that even twenty- 
four keys well arranged would not offer insurmountable 
difficulties of execution; and even if musical compli- 
cations and arabesques had to be abandoned, true and 
serious music would only be the gainer. 

I will therefore end this chapter by expressing the hope 
that the temperate scale will eventually be abandoned. 
It has had its day, and has no longer any real raison cPStre. 
Man is capable of a much finer class of music than that 
performed at the present day. I say this without con- 
sidering the different schools which at present divide 
musical Europe, since these considerartions hold good for 
all. But thosp who consider that the musical province of 
Italy is to cultivate and develop mdody, ought to be the 
first to try for and to favour such a reform. Singing 
would gain enormously by it, and a melodious form?*' of 
music accompanied by simple quiet chords — ^much more, 
music formed by several voices — ^would be enormously in- 
creased in value by means of such a reform. The ancient 
Italian musi^, the choral music of Palestrina and Basilic 
acquiresf a totally different colouring, and becomes much 
more intelligible, when it is performed in the exact scalel 



RETUBN TO THE EXACT SCALE. 


145 


• This would be a great reform, which could not be 
effected in a short time ; but once made, it would of itself 
constitute a great progress. If some musical instruments* 
would in part require more or less considerable modifica- 
tion in order to adapt them to these new exigencies, the 
quartet and choral music can be at once taught and per- 
formed in the exact scale. 


K 



CHAPTER VIIL 

« 

1. Quality or timbre of musical sound? Torms iSsuMED by trs 

TIBRATIONfi, OPTICAL METHOD — 3. ANOTHER OPTICAL METHOD— 4. PhON- 

AUTOGRAPHIC METHOD — 5. LaWS OF HARMONICS — 6. QdaLIIY OR 

TIMBRE OP STRINGS AND OF INSTRUMENTS — 7. GENERAL LAWS OP 

CHORDS— 8. Noises accompanying musical sounds— 9. Quality or 

TIMBRE OF VOCAL MUSICAL SOUNDS. 

1. The third characteristic difference of musical sounds 
is their quality or tiimhre. Suppose that the same note is 
sung by different human voices, and played on the piano- 
forte, violin, flute, &q,, it does not require a delicate musical 
ear to recognise that these notes, although of the same 
loudness and pitch, are nevertheless .different from each 
other. Our ear goes even farther in this direction, and 
not only distinguishes between violin and flute, but even 
between qiie violin and another by a different maker. The 
difference is very marked, and makes itself felt in a n^^ost 
remarkable manner in the price of the instrument. Thus, 
for example, whilst an ordinary violin costs a few pounds, 
many hundreds are paid for a good Stradivarius or N, 
Amati, The same may be said of all musical instru- 
ments, ajthough the difference of price is not so great for 
most of them, as the mddern manufacturers are in a posi^ 
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T:ion to furnish them in any desired number ; whilst violins 
increase in excellence and \5alue with their age. 

The difference of timhre is therefore very important, 
and very characteristic. In the human voice, which con- 
stitutes the most agreeable and richest monotone musical 
instrument, the variety is immense. There are scarcely 
any two individuals .who have exactly the same timbre 
of voice. Timbre and inflection are the safest means we 
have of recognising a person. 

But the loudness of a note depends on the width, 
height, and length of the oscillations producing it. It 
may then be asked, in what two oscillations, of the same 
width and length, can differ so as to produce so marked a 
difference as that of timbre. 

There are two met];iods of procedure possible in the 
study of different forms of oscillation, and of the causes 
that influence timbre. The curve of the oscillations may 
be traced graphically, and»the differences between them 
may bQ examined thus, or the sounds produced by 
different instruments may be analysed in order to see if, 
besides the principal note that is heard, thei^ are not 
other concomitant sounds or noises which alter the tinihre 
of the simple note, and impress a special character on it. 
The question will be studied in this treatise by both 
methods, and they will be illustrated by the most impor- 
tant examples in each. As to the form of vibrations, it 
will l)e shown that account must he taken not only of 
^he width and length of the oscillations, but also of the 
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special fuim of the curve which represents them. Thu^ffor ' 
example, the curves 1, 2, 3, in. fig. 30, have all three the 
srfme width db, and the same length AB ; hut the form is 
different for each one of them, and it is precisely on this 
special form that that which is called timbre depends. It 
will now be explained how such curves may be made 
visibla 
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2. Of all sonorous bodies the tuning-fork gives the 
simplest vibrations — ^vibrations comparable with the os- 
cillations of the pendulum, and which have been called 
simple vibrations in the first chapter. They have the 
form of tbe curve 1 (fig. 30), if they be traced on paper 
by the griiphic method, described in the first chapter. , 
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But they may also be made visible in the following 
way: A somewhat large ‘tuning -fork F has a small 
mirror attached near the extremity of one of its branches, 
and a counterpoise to the other [fig. 31]. A ray of solar 



31 . 

light introduced into the room is made to fall on the 
mirror of the tuning-fork, %Dd is reflected thence on to 
a concaye mirror, and thence again is reflected on to a 

t 

diaphragm of translucent paper. An image of the hole in 
the window shutter is thim obtained on the 'diaphragm 
under the form of a luminous spot. This spot remains 
at rest as long as the tuning-fork is at rest, but when the 
latter vibrates, its mirror takes part in the vibration, and 
there appears a vertical luminous line instead of the spot 
on the diaphragm. This line is caused because our eyes 
are not able to follow the rapid movements of the luminous 
/ipot, which occupies a new portion at every instant; 
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but if the concave mirror be rapidly moved by hand, so^ 
that it turns round a vertical «axis, the different luminous 
spots, which correspond to different points of time, strike 
different parts of the diaphragm, and a beautiful curve mn 
is thus formed, which represents the form of the vibra- 
tions. In it the width evidently depends on the greater 
or less degree of energy with which the tuning-fork 
vibrates ; the length depends on the velocity of rotation 
of the concave mirror, and therefore can be varied at will. 
But if the mirror be turned with a suitable velocity, 
neither too fast nor too slow, a most beautiful sinuous 
curve is obtained, which exactly represents the form of 
the simple vibrations. 

This beautiful optical method of showing the vibrations 
of tuning-forks, invented by Lissajpus, is very fertile, and 
allows a great number of experiments to be made. It is 
interesting to study what happens when two vibrations are 
combined together in different*ways, when somewhat com- 
plex compound movements are the result. One .example 
out of many may be given here, especially as it affords an 
admirable ‘illustration of the theory of beats (Chapter v.) 
Pig. 32 shows the arrangement best suited for the prei^t 
purpose. From the window, or from a closed box L, a 
pencil of rays of solar or artificial light is caused to entei 
the room, and having been suitably concentrated by the 
lens I, falls upon the mirror of a tuning-fork T', thence 
by reflection on to that of a second tuning-fork T, and 
thence, finally, on a diaphragm of paper, where th^ 
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image of a luminous spot is formed. The tuning-forks 
are both equal, and give the same note. If the tuning- 
fork T be now rubbed with a violin bow, it vibrates and 
changes the luminous spot on the diaphragm into a long 
vertical line; but if the other tuning-fork T' be also 
rubbed, the vertical line becomes longer or shorter, 
according as the vibratory movements of the ,two tuning- 
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forks are made in the same^or in reverse directions at the 
same instant of time, and tlierefore reinforce or enfeeble 
each other’s effect. 

This being so, if a small coin be attached by means of a 
little wax to the tuning-fork T, it will be retarded in its 
vibrations, and will thus give with the other T' very marked 
beats. The vertical line will then be of variable length 
. — sometimes long and sometimes *short, and one of these 
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changes to each beat. The reason is simple. To each beat 
there corresponds one reinforcement and one enfeebling, of 
the sound, and therefore there is one moment at which the 
movements of the two tuning-forks are added together, 
and another at which they enfeeble each other’s effect 
This vertical line can easily be converted into an undulat- 
ing line by rapidly moving the tuning fork T. Fig. 33 


Vig. 33. 

is thus obtained, where each reinforcement and enfeeble- 
ment are clearly indicated, as also is the whole beautiful 
ibrm of the phenomenon. 

3. It may also be shown that thq, vibrations of a string 

are much more coinplicated than those of a simple tuning- 

fork. Fig. 34 shows the arrangement necessary for this 

purpose. A mirror S is so fixed to .the window F as to 

be capable of being turned in all directions; this Receives 

a pencil of solar rays, and sends it into the room through 

the slit S'# * This illuminates the string (or better, a part 

of the string) of a sonometer A. The image of the string 

is magnified and projected on a distant screen (not shown 

in the figure) by means of the lens L 

But if the string be caused to vibrate, the image becomes 

larger and fainter, because the eye is not able to follow 
« 

the, string in its rapid movement. 

In order to see the image of the string clearly at any. 
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particular instant, it is necessary to illuminate it only 
momentarily, whilst the observers remain in darkness. 
This can be done, for example, by the electric spark, which 
has an extremely short duration. But the illumination 
thus obtained is feeble, and the phenomenon cannot be 
observed at a little distance off. The slit S', through 


r# 



which the pencil of solar rays comes which illuminates 
the string, can be -closed and opened again for only a very 
short time. By this means a very brilliant illumination 
of the vibrating string is obtained for an instant, and the 
state of the string at that given ^stant can thus be made 
'visible. But even this method has the fault that the 
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phenomenon lasts for an exceedingly short time, so^ that^ 
it is difficult to observe it in aU its minute details. 

* This method, however, may be improved by being 
arranged so as to give an illumination of the string at 
very short intervals each time that it returns to the same 
position. An intermittent series of illuminations is thus 
obtained, ai\d they succeed each other so rapidly that the 
illumination appears constant, and causes the string to 
appear as if fixed in the given position. The point, then, 
is to discover some means of illuminating the string each 
time that it reaches one and the same position. 

For this purpose use may be made of a disc of card- 
board D (fig. 34), which carries a certain number of narrow 
slits (eight in all) disposed at equal distances round the 
circumference of a circle. It can, be rapidly turned by 
means of an excellent rotatory apparatus B, set in motion 
by the weight P, and regulated by the fly V — an apparatus 
which allows a uniform motlbn to be given to the disc, 
and also allows its velocity to be varied at will. This 
latter result is easily obtained by increasing more or less 
the weigliib‘P, and modifying tjie form of the fly ; after a 
few trials it is easy to find the required velocity. • • 

The apparatus then operates as follows : The disc being 
placed before the slit through which the solar rays enter, 
intercepts them completely ; but every time that one of 

the slits in the disc comes before the slit in the shutter, 

« 

th('. rays pass and illuminate the string. If, then, the 
velocity of the disc be so chosen that in the time that it. 
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takes 'for the second, third, &c., slit in the disc to come 
before the slit in the shutter, the string makes a complete 
movement, and returns to its first position, the string 
will be illuminated intermittently at equal intervals of 
time, always when it is in the same position. The string 
ought to appear fixed, and present the form which it has 
at the given moment, and in the given position. The 
figures obtained are very clear and complicated, and can 
easily be drawn, because the phenomenon remains as it 
were fixed for as long a time as may be wished. But it 
changes its form according to the way in which the string 
is made to vibrate. If it be plucked at a third, at a fourth 
of its length, or at a seventh or eighth, if it be rubbed 
with a bow at one point or another, sensibly different 
figures are obtained. . 

Fig. 35 shows, as an example, the form observed when 



the string is plucked at one-seventh of its length. The 
form is complicated, which is the interesting circumstance. 
The image is not equally clear and sharp at all its points. 
At the points a, 5, c, rf, there is a thin blacky line ; at the 
intermediate points a\ V, c\ d\ the^ image is enlarged and 
fainter. The different portions of the string at these 
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latter points undergo very rapid vibrations^ whicli the 
disc, on account of its too slow rate of rotation, does not 

c 

succeed in analysing. These portions, then, behave as in 
the ordinary case of a string illuminated by continuous 
light, which does not show its form, but only the limits 
between which it vibrates. 

4. An apparatus of much use 4n many acoustic re- 
searches, and especially in the present question, is Scotfs 
Phonautograph (fig. 30). A large sounding-board in the 
form of a paraboloid, open at its large end, and closed at its 
narrowest part by a very thin animal membrane M, which 
is stretched more or less by means of three screws v (of 
which only one is shown in the figure). A piece of elder 
pith a cut into a right angle is attached to the membrane, 
and carries at its extremity a yery light and flexible 
point p, 

A note product opposite the paraboloid A is reinforced 
by it, the membrane M vibrates, the piece a takes part in 
these vibrations leverwise, and the point p vibrate^ strongly 
in a direction perpendicular to its own length. The vibra- 
tions art “further made visible by means of the graphic 
method. The point p touches the surface of the revolting 
cylinder C, and the screw V serves to regulate this* con- 
tact. The cylinder is covered by a sheet of very smooth 
paper smoked in a petroleum flame, and a movement of 
rotation is imparted to the cylinder by means of the 
handle M, or better still, by means of a clockwork move- 
ment arranged to produce uniform rotation, driven by thq 
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P. The axis of the cylinder C further has a screw 
cut on it, so that the traces* taken by different turns are 
not superposed. 

The phonautograph is a very useful instrument, which 
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may be used for many and various researches.. The vibra- 
tions of a note are traced by it with great regularity. If 
two organ-pipes differing slighUy from each other be taken 
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and beats be produced, they will be traced with great 
regularity on the revolving* cylinder. Very beautiful 
curves are thus obtained, similar to those obtained by the 
optical method [fig. 33]. 

But this instrument serves not only to demonstrate the 
vibrations, but may also serve most usefully to make 
known the 'form of the special corresponding curve. 

In this respect, however, the instrument is not altogether 
to be relied upon ; it may be that it does not register all 
the partial notes which enter into the formation of the 
compound note, and it may also be the case that it adds 
something on its own account.* 

But notwithstanding these small defects, it shows 
admirably that different and very characteristic curves 
correspond to sounds of different timbre. The rnodus 
operandi is the same in every case. All that is necessary 
is to produce the sound to be examined before the mouth 
of the instrument with a sufficient flegree of energy, 
and the instrument then of itself traces the ‘required 
curve. 

Fig. 37 represents some of 4he most important cases in 
this respect. Each horizontal line contains two somewBat 
different curves, which however belong to the same sound, 
and which are obtained according to the greater or less 

* The is more certain, and the curves obtained are more beautiful 
and clearer, whe|i the pith lever is reversed and only attached by one end 
to the middle of the membrane, and the rectangular lever provided with a 
joint BO that it can move frSely. The curves lately obtained thus are 
much more beautiful and characteristic than those shown in fig. 37. 
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flegrefe of energy and clearness with which the sound is 
produced. Generally distinct musical sounds give more 
complicated and more characteristic curves, than faint 
sounds. 

The first five lines contain the curves obtained by tlie 
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Fig. 87. 

vibrations produced by the strong voice of a baritone 
singing the note g, and pronouncing more or less clearly 
the vowels A, E, I, 0, U, The sixth and seventh lines 
contain the curves obtained from the same note sounded 
, on the clarionet and trumpet. The last contains by way of 
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complement the curve obtained by Quincke, by anbtheif 
method, for a vibrating string — the first half when the 
siring was rubbed at one-third, the second when it was 
rubbed at one-twentieth of its length. 

5. All these curves, in their great variety, are certainly 
interesting, and give rise to another question: In what 
relation do these coniplex vibrations^, stand to the simple 
vibrations found in the case of the tuning-fork ? It may 
be easily demonstrated that complex vibrations may bo 
considered as the sum of 2, 3, or more simple vibrations. 
The proposition thus stated is too general for the purposes 
of this treatise, and must be restricted to the simplest case 
before us. 

As an example, suppose there to be given three vibra- 
tions, so chosen that their lengths are inversely as 1 : 2 : 3 
[fig. 38]. If it be admitted that these three vibrations are 
executed simultaneously by the same body, it is fairly easy 
to determine the curve represe»ting thp i;psultant motion. 

For this purpose all that is needed is to draw the 
vertical lines ab, a'V, dV, and to set off on these the 
values for^^ach curve and add them together. The curve 
4 is thus drawn, in which each vertical line is equal to t^e 
algebraic sum of the corresponding vertical lines of the 
first three curves. This curve thus produced is the curve 
required. 

In this way the curves of fig. 30 have a clearly deter- 
minate meaning. Curve 1 is simple ; the second is the 
result of two sets of vibrations whose lengths are in the 
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be considered as the resultant of certain simple curves, and 
t-bq-t the compound curve differs according to the form and 
number of the simple curves composing it. As a general 
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proposition, it is the more complei, as the number of^^ the' 
curves that compose it is greater and their form more 
colnplex. 

As simple curves combined together give a complex 
curve, it may be asked whether every complex curve can 
be decomposed into simple curves. Proposed in these 
terms the problem is Very general, and can only be solved 
by mathematical calculation. It will not therefore be 
possible to enter on it here ; but the great importance of 
the subject makes it necessary to give, at all events, the 
result arrived at. Calculation shows that such problems 
can always be solved. 

However complicated the form of a periodic curve may 
be, it can always be decomposed into a greater or less num- 
ber of simple curves, if they be so chosen that the relative 
numbers of the vibrations they represent are in the simple 
proportion of the progressive numbers 1, 2, 3, 4, 5, &c. 

This signifies that a comx}]^x curve, Representing, for 
example, the vibrations of a string, can always be decom- 
posed into a cutve representing a simple vibration of the 
same number per second ; and, further, into one represent- 
ing a vibration of double that number, and others repre- 
senting vibrations of a number triple, quadruple, quintuple, 
&c., per second. But as vibrations whose numbers per 
second are as 1 : 2 : 3 : 4 : 5, &c., form the notes in that 
which has been called the harmonic series, the result of 
mathematicarinvestigation may be acoustically expressed 
in the following maniter: Every musical sound whose 
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^iihroa^ions have a complex forrriy as those of a stringy can 
he decwnposed into a series of simple notes all belonging 
to the harmonic series. With this theorem in hand, '^e 
ought to he able to discover in compound musical 
sounds all the individual simple notes which compose 
them, and we have thus initiated a second experi- 
mental method of , studying the tiiribre of musical 
sounds. 

6. Experience shows that the notes of a string are not 
always simple, but are accompanied by notes of the har- 
monic series ; if a sonometer be taken, for example, and 
the string be caused to sound so that it gives the funda- 
mental note. The reader already knows that the har- 
monics are obtained by dividing the string into 2, 3, 4, &c., 
parts (see Chapter i.), and that the fundamental note being 
equal to 1, the harmonics are represented by the pro- 
gressive numbers 2, 3, 4, &c. 

ScehccMs siren, (fig, 29) else serves admirably for pro- 
ducing the harmonics. If there be placed on the axis of 
rotation a disc which contains the following concentric 
series of holes : — • ^ 

, . 8, 16, 24, 32, 40, 48, 66, 64, 

which are in the ratios of — 

1:2:3:4:5:6:7:8, 

the harmonics of the fundamental note are produced in 
absolutely correct proportions. These notes must not be 
confounded with those of the musical scale. They are, 
especially the first, very distant fifcm each other. 
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In fact, from the fundamental note 1 we pafis t6 
its octave 2, thence to the . fifth of its octave 3, and 
tHeiice to the second octave above 4; whilst in the 
musical scale the successive notes are considerably closer 
together. 

This being understood, it is not difficult to demonstrate 
that in the case of a vibrating string, the fundamental note 
is accompanied by its harmonics. With a little attention, 
and without recourse to special experiments, the presence 
of the third harmonic may be perceived by the ear alone. 
The latter becomes especially perceptible when the sound 
of the string has grown faint, because the fundamental 
note dies away more rapidly than the third harmonic, and 
therefore makes it more prominent ; also the fifth harmonic 
is easily perceptible. 'The secondhand fourth harmonics 
are less quickly perceived, because they represent the first 
and second octaves of the fundamental note, and are easily 
confounded with it. • . • 

The same fact is met with in the strings of ^ piano- 
forte. Sounding a somewhat low note — a c, for example — 
the octave^ bf the next, g, is easily perceived, which is its 
third harmonic, and the e of the next octave, which is,Us 
fifth harmonic. The other harmonics can also be heard, 
but with greater diflSlculty. The seventh harmonic is 
wanting, because pianofortes are generally so constructed 
that the hammer strikes the string almost exactly at the 
point which corresponds to a node of the seventh harmonic 
—that is to say, strikes*at a seventh of the length of the 
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which prevents the formation of a node at that 
point. • 

Harmonics are met with also in other instruments ; but 
if they are difficult to perceive, as often happens, either 
because they are too much mixed up with the fundamental 
note, as is the case with the human voice, or because they 
are too feeble, recourse may be had with great success to 
Helmholtzs resonators (see fig. 22). 

It has been seen [Chapter iii.] that these are nothing more 
than sounding-boards of spherical or cylindro-conical form 
which are fitted to the ear, and which reinforce, each one, 
according to its volume, some one particular note. It is 
enough to be provided with a series of these reso- 
nators for the different notes that may be met with, to 
have a very efficacious means of proving the presence 
of any particular note, however feeble it may be, in the 
midst of many others. The researches made on this point 
demonstrate that musical •sounds produced by different 
instruments have different harmonics, or^ at least in a 
different measure. 

A note not accompanied by its harmonics may some- 
times be sweet, but it is always thin and poor, and there- 
fore but little musical. This is the case with tuning-forks. 
Even the stopped organ-pipe is almost without harmonics ; 
the result is, that it gives a hollow and by no means 
agreeable sound, somewhat like the vowel The har- 
monics become, therefore^ an almost indispensable condition 
of musical sounds properly so cafied. When the funds- 



166 


THE THEORY OF SOUND. 


mental note is accompanied by the lower liarmoiiicS 2, 
it acquires a broad, open* soft character. If, on the 
other hand, it is the higher harmonics that prevail, the 
sound acquires a shrill or clanging character — as, for ex- 
ample, in the trumpet, &c. 

The richest in harmonics are the sounds of the human 
voice and of strings, and it is for this reason that instru- 
ments of this class are, and always will be, tlie most musical. 

7. The timbre of musical sounds is produced, then, by 
the presence, in greater or less number and degree, of the 
harmonics which accompany the fundamental note. A 
musical sound is always a compound sound, its vibrations 
are more or less complicated, and it by itself alone consti- 
tutes a true harmony, especially if the seventh harmonic 
be wanting, which does not form* a part of our musical 
system. It follow's that in combining two, three, or more 
musical sounds in order to form a chord, it is not enough 
that the fundamental notes sliould heal* simple ratios to 
each other, bqt it is also necessary that the harmonics 

should obey this law. Also the resultant notes, which 

* * 

maybe formed by all these -notes, must enter into the 
same system of harmony. We can thus formulate a •law 
for harmony not only vaster and more general, but also, as 
will be hereafter seen, even more simple. 

In fact, suppose that there be given the fundamental 
note 1 ; the harmonics will be represented by 2, 3, 4, 5, &c., 
whence the complication of notes will be expressed by — 

1, 2, 3, 4, 5, &c. 
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^up^ose that the octave be also given, which is represented 
by 2, and with it the harmonics of the doubled num- 
bers — 

2, 4, 6, 8, &c. 

It is seen that, in fact, the octave does not possess a 
single new note. It only repeats certain of the harmonics 
of the fundamental iiote ; therefore by combining together 
the fundamental note and the octave, the only effect 
produced is the reinforcement of some of the harmonics 
already existing in the fundamental note. It follows that 
the fundamental note and octave cannot strictly be consi- 
dered as two separate musical sounds; their harmony consti- 
tutes one single musical sound of somewhat modified timbre. 
And this is what really takes place in instruments that 
are rich in harmonics— as, for example, the violin. 

Adding the fifth, which is represented by to this 
chord, the harmonics comprised in the fifth itself will be — 
• • f > 3! I j 6, &c. 

Some pf these notes, as 3, 6, &c., are comprised in the 
fundamental note; but f, 4&c., are new notes. The 
chord with the fifth is less perfect than tB^t with the 
eotave ; but we can make it more perfect by adding as a 
reinforcement the octave below the fundamental note, 
which is expressed by and has for harmonics — 

Y? 2, Y, 3, &c. 

Eeferring the fifth to this low note, we see that all its 
hamonics are already comprised in those of the latter ; in 
fact, f, I, &c., are the third, ninth, &c., harmonics of the 
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fundamental note In this way the harmony bedomeS 
more perfect. This is the reason why the chord of the 
fundamental note with the fifth and octave sounds rather 
hollow and poor, and is considerably improved when the 
lower octave of the fundamental note is added. 

A somewhat similar conclusion is arrived at by adding 
to this sai^e chord the major third, which with its 

harmonics is expressed by — 

6 6 1 8 
tf-Sf T > <5CC. 

These notes do not exist in the fundamental note, but 
if the second octave below the fundamental note, which 
is expressed by be added, they all become harmonics, 
though distant ones, of this note. 

The conclusion to be drawn from this is that it is 
necessary to add to the perfect chord of fundamental note, 
major third and octave, the two octaves below, in order to 
render it really agreeable. This conclusion agrees with 
that which experience has taifght fon a‘ great length of 
time. In fact, in practical music this chord is. always 
written as is shown below at 1, and never as at 2 or 3. 





h.' 

It may appear strange that in the perfect chord the 
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tandAmental note and its octaves should occupy four 
places, whilst the third and fifth occur only once, and 
it might appear that in this arrangement there was a 
want of balance between the different notes. 

Certainly this preponderance of the fundamental note 
would be inexplicable by the laws developed in the 
preceding chapters, when account was taken only of 
the simple ratios. The reason becomes evident by the 
considerations just now made ; it is, that in the ,perfect 
chord all the notes must be considered as a simple rein- 
forcement of the fundamental note. The perfect chord 
becomes, in fact, a single musical sound, of very musical 
quality, and with a very rich and varied timbre. 

The conclusion is thus arrived at, that chords are so 
much the more agreeable to the ear as fewer new notes 
are added to the fundamental note ; in the most agreeable 
chord of all, the perfect chord, not a single new note is 
added. This conclusion becomes the more evident, the 
richer tbe musical sounds at our disposal are in harmonics. 
It is also easily explained by the conformation of the ear, 
which finds a chord the mqre agreeable, the less effort is 
necessary to understand it. 

8. The timbre of musical sounds is not only caused by 
the harmonics which accompany in different degrees the 
fundamental note, but also by the more or less distinct 
noises which are caused by the special method by which 
the sounds are produced. A string nibbed by a bow 
always allows the sound of something scraping to be 
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heard ; at the embouchure of an organ-pipe the blSwing 
of the air is heard ; in the* pianoforte the hammer is 
distinctly heard as it strikes the string, and so on. Gene- 
rally speaking, as we are accustomed to hear these noises 
from our earliest infancy, it is these above all that teach 
us to distinguish one instrument from another, whilst the 
harmonics are unnoticed, although they may be much 
louder than the noises spoken of. 

In fact, if the harmonics that accompany a note on the 
violin are always the same, as, with the exception of very 
slight differences, is really the case, there is no reason in 
practical life to induce us to go farther into the matter, or 
to analyse and examine as to the extent to which they 
may be present. It is for this reason that the harmonics 
remained so long unobserved, and that even now many 
practical musicians are unacquainted with them, or look 
upon them as subjective phenomena. 

Our ear does not advance* in anaJyas farther than it 
ought ; it obe^^s, in this respect, also that which appears 
to be a fundamental law of nature — that is, it obtains its 
purpose with the least exertion and the least labour pos- 
sible. It may be easily demonstrated that the ear do>es 
not separate notes to the concbmitance of which it has 
been long accustomed. By taking a series of tuning- 
forks giving the harmonic series, and setting them in 
action, in a^ short time their notes become so mixed 
together as to appear only one note. If, then, another 
tuning-fork, which by^ itself gives a good harmony with 
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the fundamental note — as, for example, | — but which is not 
a harmonic of the fundam'ental note 1, be set vibratii^, 
the presence of this new note almost immediately disturbs 
the equilibrium of the harmonics ; the ear is then induced 
to analyse what it perceives, and all the notes are dis- 
tinctly heard. For the same reason it is very difficult 
to perceive the harmbnics of the human voice, however 
numerous and strongly pronounced they may be. It is 
necessary for this to have recourse to more minute 
methods of analysis, and in this respect Helmholtz's 
resonators are of the greatest use. But at the same 
time I will describe an instrument founded on the use 
of resonators, and constructed by the mechanician Konig 
for the purpose of making the results visible even to a 
numerous audience. • 

9. The apparatus (fig. 39) is composed of eight resona- 
tors adapted to the harmonic series of the fundamental 
note c. At the*ba*ck of each one an indiarubber tube 
puts the orifice in communication with capsule, closed 
by an elastic membrane. In front of this, gas enters 
and burns under the fomr of a small, very mobile flame. 
Eiglit flames, therefore, correspond to the eight resonators. 
When the air vibrates in one of the resonators, the vibra- 
tion is communicated to the flame, and its vibrations are 
observed, as is described in the first chapter, by means 
of a revolving mirror, which is turned by a handle. 
In order to’ know if the sound qf a given instrument or 
of the human voice contains harftionics, and what they 
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may be, all that is needful is to produce close (o tlfe 
aj>paratus a note corresponding in pitch to the largest 
resonator — that is to say, c — which represents the funda* 
mental note. Then, if there be harmonics, they will set 



Fig. 89. 


the resonators in action, and thence the corresponding 
flames, and a glance at the revolving mirror is all that is 
required iijii order to reopgaise them immediately. 
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^ By Wans of this most ingenious instrument it may be 
demonstrated that all musical instruments have harmonic^, 
and it is immediately seen which these harmonics are. 

The same may be said of the human voice, which is 
very rich in these notes. If a c be sung near the instru- 
ment, many flames will be seen to vibrate. But, following 
the example of may be demonstrated that the 

different vowels pronounced whilst singing a note give 
different harmonics. In order to show this, sing the 
fundamental note, and at the same time pronounce suc- 
cessively the different vowels. The harmonics can thus 
be easily observed, which accompany the fundamental 
note in different degrees. The following results are 
obtained in the case we are considering : — 

The vowel TJ is composed of the fundamental note 
very strong, and the third harmonic sufficiently pro- 
nounced. 

0 contains the fundamental note, the second harmonic 
very strong, and the third and fourth harmonics slightly. 

The vowel -4 contains, besides the fundamental note, the 
second harmonic feeble, the third strong, and *the fourth 
feeble. 

E has the fundamental note feeble, the second harmonic 
rather strong, the third feeble ; on the other hand, the 
fourth is very strong and the fifth feeble. 

1 has very high harmonics, especially the fifth, strongly 
marked. * 

These differences, which are easify observed, arise from 
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the forms assumed by the mouth, tongue, and lips ih thS 
pronunciation of the different vowels. They are not 
exactly the same, as they depend on the timbre of the 
voice of the person pronouncing them, on the special 
character of the language in which they are pronounced, 
and also on the pitch of the note selected as the funda- 
mental note* This last fact may be understood when it 
is considered that the mouth itself acts as a resonator of 
variable form* and size. The results, therefore, are compli- 
cated, and I will only draw attention to them. 

But if it be true that the timbre of the vowels is con- 
stituted in the way briefly indicated above, we ought to 
be able to reproduce the different vowels by synthesis, by 
combining the fundamental note with its harmonics in 
the proper proportions. This wQrk has been actually 
accomplished by Helmholtz, who made use for this purpose 
of stopped organ-pipes, which gave sensibly simple notes. 
He arranged them according to the hannonic series, and 
combining them together in the way indicate^ .above, 
succeeded in making the fundamental pipe speak the 
different vowels in a clearly .pronounced manner. The 
demonstration is therefore complete, and certainly con- 
stitutes one of the great triumphs of science. 
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1. Difpeeenoe between science and akt — 2. Italian and German 
MUSIC — 3 AND 4. Separation op the two sohools-*-6. Influence 
OP Paris — 6. Conclusion. 

1. The laws of timbre are the basis of the theory of 
instrumentation, and also embrace the whole of harmony. 
Thanks to them, all that has been explained heretofore is 
reducible to one single principle — that is, That musical 
notes must satisfy the laws of harmony , and that this is the 
more perfect, the more the notes of a chord reinforce the 
fundamental note. Thus the idea of the tonic and the 
fundamental chor^ loses its character of only practical 
utility; it becomes a necessary consequence of this 
law. 

Science has succeeded in taking in from due single 
point of view this grand and admirable assemblage of 
facts, wliich are required in the history and development 
of music. It is in a position to deduce rigorously the 
rules of the art of music, and could easily create it anew 
if it happened to be lost. 

But I shoujd not wish these words of mine to raise in 
the minds of my readers the idea *that science can be or 


% 
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desires to be substituted for art. In art there is one thing 
that escapes all calculation, < which science indeed can 
explain up to a certain point when it has taken a palpable 
form, but which it can neither predict or modify : this is 
Poetic Inspiration. As the most profound knowledge of 
grammar, of syntax and prosody, is not sufficient to make 
even a mediocre poet, so the most . accurate study of the 
laws of harmony and of instrumentation would not be 
enough to create a composer. Composition and criticism 
are two diametrically opposite operations of the human 
mind : they ought to go hand in hand, and as far as pos- 
sible with a common agreement, and be complementary 
one to the other ; but the critic will never be a great com- 
poser, nor the composer a true critic. 

I have endeavoured to pass before my readers in rapid 
review the most important facts of the history of music, and 
have especially endeavoured to show how even the most 
fantastic creations of man may be linked to certain simple 
laws which science has revealed. These laws were cer- 

t 

tainly unknown to those great men of genius who have left 
an imperishable record in tljeir works. They were only 
guided in their paths by feeling, fancy, and inspiration. 
Science came afterwards and 'only explained. And it 
will always be thus even in the future. The thought, 
•therefore, will never enter into our mind to prophesy 
what musiq will be fifty or a hundred years hence, and, 
artistically speaking, it will he on the'cascending or 
descending branch of the parabola; the more so as the 
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aisthotic principles to whicli the art successively conforms 
have no absolute value. But it may be said with cer- 
tainty that no isingle thing will ever be accepted which ns 
clearly contrary to the broad principles already established 
by science. And with this my task would be finished; 
but I do not wish to leave this interesting subject, or to 
close this treatise, without touching on some few other 
questions which have latterly been much agitated, 
and which belong to the artistic patrimony of modem 
Europe. 

2. Much has been said about the great substantial 

difference separating the Italian and German music. The 

former is called simple, intelligible, and melodious; the 

latter complicated, studied, obscure, and transcendental. 

And it is sought to find in this one of the characteristic 
» 

features of difference between the two nations. It is true 

that in the last and present centuries Italian musicians 

have cultivated by choice jjaelody and song, and it is also 

true that in German music the study of harmony and 
» 

of choral and instrumental scoring has betfti carried to an 
admirable degree of perfection; but it is net true that 
this has always been the "case, and it would be a great 
error to endeavour to find in these facts a distinctive 
characteristic of the two nations. 

In the Middle Ages matters were exactly reversed; the 
first centuries of polyphonic music were marked in Italy 
by immen^ complication. Voices linked 'together in a 
most artificial manner, different movements fused to- 
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gether according to compKcated and obscure rules^we^p 
the characteristics of Italian polyphonic music up to 
the time of Palestrina, The Protestant Erformation pro- 
duced in Germany simple harmony and simple song, a 
form of music at once clear, easy, and transparent. No 
comparison is possible as to simplicity between the first 
Protestanjb chants and the Italian music of this same 

tr 

Palestrina, ^ho was, however, the great reformer and 
simplifier of Italian polyphonic music. 

After this epoch the two nations continued, in re- 
spect to style, almost on the same road. Italy decidedly 
took the lead, thanks to her enormous musical activity, 
and to the considerable number of men of real creative 
power. 

From this moment progress was rapid and continuous. 
Viadana wrote the first melodies, and added as their 
accompaniment the continuous bass ; Carissimi and Scar- 
latti may be considered as the inventors of expressive 
recitative. To this last true musical genius we owe the in- 
vention of the which with its first and second part and 
repetition r€a)resents in music almost that which the column 
represents^in architecture. In his operatic essays he intro- 
duced the redtaiivo obligato, and initiated by this thq change 
from the first Italian style to the second, a change which 
his great disciples and emulators Durante, Leo, and Greeo 
thoroughly effected. Thanks to their efforts, music thrdW 
off its character of great severity, and its rigid rules of har- 
mony and counterpoint ^ In their hands, and in those of 
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ijte bold innovator Claudio Monteverdey it, on the contrary, 
underwent considerable instrumental development, with 
more broadly •and freely distributed melody, followed by 
accompaniments of greater simplicity and of freer scope. 
For the austere movement was substituted clear, simple, 
ingenuous sentiments ; plastic beauty, exact time, main- 
tained with grace an^ fine discrimination in the midst of 
most beautiful melodies, was the character assumed by music 
in the seventeenth century, a character which is especially 
to be recognised in the efcclesiastical music ; whilst in opera, 
notwithstanding all efforts, the form still remained very 
primitive. This movement continued up to the eighteenth 
century. Following close on church music, opera deve- 
loped more and more, and with the history of this move- 
ment the names of PergoUsey Picciniy Sacchini, Jomelli, 
Cimarosay and Paesiello remain connected. This creative 
activity was communicated to Germany, where it took 
a new form ai^ a surprising development. Men like 
Handel, HaydUy Badly Gluck, Mozart, gave a wonderful 
breadth of idea to music; but, with the exception of 
Glueky they must be considered as the fruitful and genial 
gontinuers of the Italian movement, which they carried 
out in much the same spirit as the Italian composers 
themselves. To show how little the two differed, we need 
only compare the "Matrimonio*segreto” of Cimarosa with 
Mozart's " UTozze di Figaro.” One would say that they were 
two works^ of the same school, and comJ)Osed by two 
brothers in art, of which the firstn^as the most facile, most 
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cheerful, and most elegant ; the second the broader, riche?, 
and more profound. 

*3. The distance between the German andf Italian music 
is most evident in the case of the works of Gluck and 
Beethoven on the one hand, and the works of Bosdni on 
the other. AVhilst in the middle of the last century the 
^ two schools did not differ much f^om^ each other, and 
tlie Italian music then closely resembled the German, the 
executive part of the art took a different direction in Italy. 
The last century is the century of grand Italian song. 
Italy surprised the world by the number of distinguished 
singers she produced, and by the serious and solid method 
on which her schools of singing were organised. These 
singers overran Europe, passing from triumph to triumph, 
f^fced by aU, and idolised in an almost incredible manner. 
But it was precisely the great importance to which the 
Italian school of singing rose which became the cause of 
its downfall in real value. Th« singer? began to consider 
themselves as the thing of greatest importance, and as the 
basis on which the grandeur of Italian music reposed. 
For them the composition was the pretext; their principal 
aim, to shine as much as possible. It then came about 
that the music being too simple to afford them the means 
of shining, they substituted for simple melody a more 
complicated form, interpolating turns and shakes, cadences 
and ornamentations of every kind; to the manifest detri- 
ment of the composer and of musical good 4aste. The 
great masters of that ^time submitted to this state of 
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^Slings, being powerless to remedy it. Then came Bossini, 
who thought it better to write complicated melodies with 
scales, cadences, and difficulties of every sort himself, 
since thus alone could good taste be even partially saved. 
He acted like certain politicians, who put themselves at 
the head of a movement in the hope of being thus better 
able to control it. . . * 

The richness and variety of his forms are truly admir- 
able ; but it is evident that true musical co\iception must 
suffer under these continued shakes and turns. There is 
only one purpose for which this light and varied style 
seems fitted, and that is for comic opera; and in this 
respect Eossini has left an undying model of grace and 
freshness in the " Barbiere di Siviglia.” In his later works, 
in the style of grand, opera, Eossini abandoned this style 
almost completely. His last opera, “ Guglielmo Tell,” is 
entirely without ornamentation, and in some parts — as, 
for example, in* the trio ^d in the conspiracy in the 
second, act — arises to an incomparable elevation. 

But this more chaste and correct style of Eossini’s 
was formed away from Italy, by tendencies# and ideas 
different from those that there held sway. For Italy, 
the alienation was effected, and could not easily be again 
undone. Under his more important successors, as Bellini 
and Donizetti, music acquired tiie character of simple 
song — often deep and feeling, often light, superficial, and 
cloying. • 

The impression which the composer of "Korma” has 
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produced, and still produces by his beautiful and ddepl/- 
felt melodies, the interest that Donizetti inspires by the 

C ( 

elegance of style displayed in his best works, ought not 
to make us lose sight of the fact that the superabundance 
of melody is not suited to the requirements of the modern 
stage. Save for many very beautiful exceptions, senti- 
mentfility® topk the place of real sentiment ; and dramatic 
expression was to a great extent obscured, and often never 
sought after.‘ Then came Verdi, who felt that this 
continual melody would at last corrupt all minds. For 
beautiful melody he substituted movement, which was 
not yet dramatic feeling, but contained strength and 
vigour, even though it were sometimes in a rather rugged 
form. This style of writing was pleasingly in accord- 
ance with the national aspiration^. Italy at that time 
was awaking to a new life ; she felt the want of move- 
ment and strong emotions. Patriotism therefore laid 
hold of the music of Verdi, «^made it entirely popular, 
and used and abused it freely. But musical gopd taste 
and the school of singing suffered immensely. Latterly, 
Verdi hac ‘ considerably modified his style of writing, 
and has openly drawn nearer to the German school, off 
has at aU. events diminished the great distance which 
formerly separated our school of music from the Ger- 
man school. 

From “ Nabucco ” and " Emani ” to “ Eigoletto ” and 

t 

" II BaUo in Maschera,” and from these to ‘kAida,” tho 
progress in this directio^ is continuous. These examples, 



MUSIC AS A MEANS OF DBAMATIC EXPRESSION, 183 

flfesides being well known, are discussed everywhere with 
interest and eagerness. . 

4. Although the rupture came from the Italian side, it 
was first brought about on the side of# Germany. Qluck 
introduced and developed wonderfully the conception of 
dramatic music, which proposes as its object to adapt the 
music better to the^wdrds, and to create a musical work 
of art capable of producing on the hearers the same 
sensations that the text which accompanies it produces. 
In this respect music is an inexhaustible mine of truly 
artistic effects. It is superior in many points to poetry — 
sometimes in the expression of the terrible, and sometimes 
in the expression of the really gentle emotions. To prove 
this, it is enough to recall in modern works the love scene 
between Faust and Marguerite described musically by 
Gounody to conclude that the grand poetry of Goethe has 
not only not suffered here, but that the effect is somewhat 
modified and idealised rathef than diminished. We need 
only recall again the duet between Eaoul Valentina, in 
"Gli Ugonotti,” in which all emotions from patriotism to love, 
and from love to terror, are described with vividhess and 
incomparable feeling, which, in spite of some exaggerations, 
strike us profoundly ; lastly, the terrible scene in Weber's 
^‘Der Freischiitz,” where terror is carried to the highest 
degree of musical expression. Music, which in many 
respects remains inferior to poetry, shows itself, on the 
other hand, lAperior to it in other^ where dramatic effect 
and feeling are strongly marked. 
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A greater separation took place, caused by Beethoven^ t&e 
great and true creator of modern instrumental music. 
Froru this time the German school separated more and 
more from the common road it had trodden in company 
with the Italian school. Mcnddssohny Schumariy and 
lastly Wagner, are only a continuous gradation on this 
path. Music acquired a more add more instrumental 
character, and free singing became obscured. To use 
a celebrated phrase, which is perhaps exaggerated, but 
which sharply depicts the actual state of things, it may 
be said that in Italian music the orchestra had become 
a big guitar, only intended to accompany the singing; 
but it may also be said that in the German music the 
singers had become walking orchestral instruments. It 
must, however, be admitted that w^iilst Italian music has 
undergone in this century a sensible decline, in Germany 
it has remained elevated. The study of harmony and 
grand orchestral movements afid deep'drftmatic feeling and 
expression, not^withstanding some too realistic exaggera- 
tions and some trivialities, have been brought to a high 
degree of perfection by the intellectual influence of Bichard 
Wagner. We owe it to him, that for libretti — almo^&t 
always insipid, and which served as bare excuses for the 
musical part of the work — ^has been substituted a more 
masculine and independent form of poetry. The closer 
union of po^ry and music, in which both arts advance 
with regular step without one being smothered by the 
other, constitutes peihaps the most salient and most 
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Dfcautlful character of his music, which is almost always 
lofty, most rich, and which transports us to an id^al 
sphere. 

I say this in spite of all the clamour which has been 
raised on both sides 6f the Alps against the " music of the 
future.” It is reproached with being too studied and 
too refined, and with leaning not towards •feeling, but 
calculation and combination. 

But we need only listen to it with attention and 
without prejudice to be convinced of the greatness and 
number of the beauties which it contains. The prelude 
to “ Lohengrin,” the song to the swan, many passages in 
'' Tannhaiiser,” and other tilings prove the contrary. This 
music has had the great and sad privilege of exciting, 
almost incredibly, passions in its favour and against it ; 
but when these passions have grown calm, I believe that 
it wiU be impossible to deny to it the character of a great 
musical poem whbse limits* will extend far beyond the 
national ^circle for which it was written. ^ 

6. Finally, we must take into account a third impor- 
tant agent in musical history — that is, the Influence 
exercised by Paris on the conduct of musical ideas. If 
we except opera cmAgue (which must not be confounded 
with the Italian opera in, which CrrUry, Boulduu^ 

Eerold, Auher, and others excelled, it may be said that the 
French have never been true creators in music. Not- 
withstanding*this, the influence of ^aris on the history of 
the art is great and incontestable.* Placed, as it were. 
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midway between the two musical nations, thanks t?o tlffe 
splendours of Parisian life and its mania for amusement, 
Paris* became one of the important centres where many 
grave musical prqblems were worked out. It was there 
that arose the struggle between Gluck's severe music and 
the melodious music of Piccini, It was there that the 
Italian (fheryhini found a highly honoured post, with his 
tendency towards German music. It was there that Meyer-^ 
hecr, abandoning his first style, created '‘Eoberto il Diavolo,” 
“ Gli XJgonotti,” and the ‘‘ Prophete,” which by their gran- 
deur of concej)tion will make his fame immortal. Pinally, 
it is there that the best Italian masters have gone in search 
of competent criticism, and have modified their style. 
Rossini's “Guglielmo Tell,” Donizetti's '‘Pavorita” and 
“ Don Sebastian,” finally, most of Vp'di's works, have arisen 
in this manner. The influence of Paris may be thus de- 
fined : that she insists on the creation of a type of music 
which should contain the good pointa o& the German and 
Italian schools without their exaggeration. This school is 
therefore eminently eclectic, and has found the solution 
of its pK)tlems by clinging closely to dramatic music. 
It thus maintained the Italian melody and song, but 
limited it to those cases in which it is compatible with 
dramatic expression. It has adopted the grand choral 
and orchestral movements of Germany, giving them a 
suitable importance. Lastly, it tried to obtain an inti- 
mate relation between words and music, with the desire. 



INFLUENCE OF PARIS. 187 

r^hei expressed than carried out, of subordinating neither 
to the other. 

The character of this school is best recognised ifi the 
French composers who have written^ dramatic operas. 
Halevy, Gounod^ Auler, himself in his " Masaniello,” have 
trodden this path. Whatever may usually be thought of 
eclectic things, thg eclecticism of the Parisi school has 
been of real importance. It must be considered as an 
earnest and partly successful attempt to unite from one 
common point of view two schools whose tendencies 
were very different. And from this attempt have arisen 
noble ideas and grand works of art which will exert a true 
and great influence even on posterity. 

• 6. As for the future itself, it is not for a musical or 

scientific critic to wish to foresee its steps. I shall there- 
fore take care not to give an opinion on the subject. 
That which it was important for us to demonstrate was 
that music has beai developed according to certain rules 
which depended on unknown laws of nature since dis- 
covered, that it cannot be separated from these laws, and 
that within them there is a field large enough for all 
the efforts of human fancy. 


THE END. 
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Illustrations. • 2 vols. Post 8vo, 32f. 

A Visit to Ceylon. Post 8vo, 71. 6A 

Freedom in Science and Teaching. With a Prefatory Not(^ 
by T. II. Huxley, r.R.S. Crown 8vo, 5J. 

Half-Crown*Series • * • 

A Lost Love. By Anna C. Ogle [Ashford Owen]. 

Sister Dora : a Biography. By Margaret Lonsdale. 

True Words for Brave Men ; a Book for Soldiers and Sailors. 
By the late Charles Kingsley. 

Notes of Travel s being Extracts from the Journals of Count Von 
Moltke. 

English Sonnets. Collected and Arranged by J. Dennis. 
London Lyrics. By F. Locker. 

Home Songs for Quiet Hours. By the Rev. Canon R. H, 
Baynes. ^ 

HARRIS^ The History o^ the Radical Party in 

Parliament. Demy 8vo, 15^, 

HARROPf Robert, — Bolin gbroke. A Political Study and Criticism. 
DemySvo, 14J. 

HART, Rev, y, W, T*.— JThe Autobiography of Judas Iscariot. 

A Character Study. Crown*8vo, 3^. id, * 

l/AWEIS, Rev, H, R,, A/.. 4 .—Current Coin. Materialism— The 
Devil — Clime — Drunkenness— Pauperism — Emc^tion— Recreation 
—The Sabbath. Fifth Edition. Crown 8vo, 5 j. 

Arrows In tjie Air. Fifth Edition. Crown 8vo, 5^. 

Speech in Season. Fifth Edition. Crown 8vo, 5^. 

Thoughts for the Times. Thirteenth Edition. Crown 8vo,*5j. 
Unsectarian Family Prayem.- New JEdition. Fcap. 8vo, 

IS, 6d, 

HAWI(INS, Edwards Comerfoyd,'*^%^\x\\ and Form. Sermons 
preached in the Parjsh Church of L^therhead. Crown 8vo, 6s, 

HAWTHORNE, AhMlrwiV/*— Works. Complete in Twelve Volumes. 

, Large post 8vo, yr. 6d, each volume. 

VOL. I. TvtiCE-TOLD TALIES, 

II. Mosses from an Old Manse. ' 

{II. The House of tm Seven Gables, and The Snow 
Image. * 
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HA NathanUl^contimud, 

V(5i.. IV, The Wonderbook, Tanglewood Tales, and Grand 
father’s Chair. 

V. The «carlet Letter, and The Buthedale 
VI. The Marble Faun. [Transformation.] 

VTII } Home, and English Note-Books. 

IX. American Note-Books. * 

X, French and Itabian Note-Books. 

XI. Septimius Felton, The Dollxver Romance, Fanshawe, 
AND, IN an Appendix, The Ancestral ^ootstep, 

XII. Tales and E^ays, and other Papers, with a Bio- 
GRAPiilcAL Sketch of Hawthorne. * 

HA YES^ A, New Colorado, and the Santa Fe Trail. 

With Map and 6o Illustrations'. Square 8vo, qr.** 

HENNESSYy Sir John Pope * — Ralegh in Ireland. With his Letters 
’ on Irish Affairs and some Contemporary Documents. Large crown 
8vo, printed bn hand-made paper, parchment, lor. td* 

HENRYy Diaries and Lietters of. Edited by Matthew 

Henry Lee, M.A. Large crown 8vo, 7a ^ d , 

HIDE, The Age to Come. Small crown 8vo, is* 6d* 

HIME, Major H W* L*, R*A * — Wagnerlsm : A Protest- Crown 
8vo, IS* 6d* 

HINTON, y * — Life and Letters. With an Introduction by Sir W. 

W. Gull, Bart., and Portrait engraved on Steel by C. II. Jeens. 
Fifth Edition. Crown 8vo, 8 j. &l* 

Philosophy and Religion. Selections from the Manuscripts of 
the late James Hinton. Edited by Caroline Haddon. Second 
Edition. Cro#n8vo, 5 a • 

The Law Breaker, and The Coming of the Law* 
Edited by Margaret Hinton. Crown 8vo, 

The Mystery of Pain. New» Edition. , Fcap, 8vo, is* 

Hodson of Hodsoh’s Horse ; or, Twelve Years of a Soldier’s Life 
in India. Being extracts from the Letters of the late Major 
• W. S. R. Hodson. With a Vindication from the Attack of Mr. 
Bosworth Smi^h. Edited by his brother, G. fl. Hodson, M.A. 
Fom lh Edition. Laxge crown 8vq, 5x. 

ffOLTHAM, E* a— Eight Tmre in Japan, 1873-1881. Work, 
Travel, and Recreation. With thrde Maps. Large crown 8vo, qx. 

HomoloOT of Economio Justice. An Essay by an East India 
Merchant. Small ^rown 8vo, 5x. ^ 

HOOPER, Maryi^lAXXLQ Dinnerf s How to Serve them with 
Elegance and Eoon<J|^y> E^htecnth Edition* Crown 
ffvo, IS* 6/ 
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HOOPER^ Mary — cofUinuedi ^ 

Cookery for Invalids, Persons of Delicate Digestfon, 
and Children. Fourth Edition. Crown 8vo, 2J. 6d. 

* Kvery-Day Meals. Being Economical and Wholesome Recipes 
for Breakfast, Luncheon, and Supper. Sixth Edition, Crown 
8vo, 25 , ^d, 

HOPKINS, Work amongst Working Men. Fifth 

Edition. Crown 8vo, 3 j, (id, * 

HOSPITALTER, i?.— The Modern Applications of Electricity.*' 
Tfanslated and Enlarged by Juuys Maier, Ph.D, 2 vols, 
Secoina Edition, Revised, with many Additions and numerous 
Illustrations. Demy 8vo, I2s, 6d, each volume. 

VoL. I. — Electric Generators, Electric Light. 

VoL. II.— Telephone : Various Applications ; Electrical 
Transmission of Energy. 

Household Readings on Prophecy. By a Layman. Small 
crown 8vo, 3J. 6d, 

HUGHES^ IIcnry,-^'Xh^ Redemption of the World. Crown 8vo, 
3J. 6 d, 

IIUNTINGFORD, Rev, E„ Z^.C.Z.— The Apocalypse. With a 
Commentary and Introductory Essay. Demy 8vo, 5 j. 

HUTCHINSON^ //.—Thought Symbolism, and Grammatic 
Illusions. Being a Treatise on the Nature, Purpose and 
Material of Speech. Crown 8vo, 5s, 

HUTTONy Rev, C, /*.— Unconscious Testimony ; or, The Silent 
Witness of the Hebrew to tl2,e Truth of ik^ Historical Scriptures, 
Crown j8vo, 2s, 6d, ** 

HYNDMAN, A/— The Historical Basis of Soeialism in 

England. Large crown 8vo, 8 j. 6/, 

IM THURN, Everard Among the Indians of Guiana. 
Being Sketches, chiefly anthropologic, from the Interior of British 
Guiana. With 53 Illustiations and a Map. Demy 8vo, i8j, 

yACCOUDf Pjv/, 6'.— The Curability and Treatment of Pul- 
monary Phthisis, Translated and edited by Mojjtagu 
Lubbock, M.D, DemySve, 15^. I 

Jaunt in a Junk ; A Tcn*Days’ Cruise in Indian Seas. Large crown 
8vo, p, 6d, 

yENICINS, i?., and RAYMOND, 7.— The Architect’s Legal 
Handbook. Third Edition, revised. Crow! Svd, 4 r. 

yENNINGS, Mrs, s Her Life and Letters, Large 

post 8vo, p, 6d, • 
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JERVIS^ Rev, W, Henley , — The Galilean Church and the 
% •• Revolution. A Sequel to the History of the Church of 
‘ France, from the Concordat of Bologna to the Revolution. 
Demy 8 vg, i 8 r. ^ 

yOEL^ Z.— -A Consul's Manual and Shipowner's and Ship- 
master's Practical Guide In their Transactions 
Abroad. With Definitions of Nauticalf Mercantile, and Legal 
Terms; a Glossary of Mercantile Terms in English, French, 
German, Italian, and Spanish ; Tables of the Money, Weights, 
and Measures of the Principal Commercial Nations and their 
Equivalents in British Stanaards; and Forms of Cpnsular and 
Notarial Acts. ^ D(Mny 8 vo, 12 s, ^ 

JOHNSTONE, C, R, J/. ^.—Historical Abstracts: being Outlines 
of the History of some of the less known States of Europe. 
Crown 8 vo, yj. 6 Z, 

JOLLY, William, R,R,S,E,, The Life of John Duncan, 
Scotch Weaver and Botanist. With Sketches of his 
Friends and Notices of his Times. Second Edition. Large 
crown 8 vo, with Etched Portrait, gr. 

JONES, C, The Foreign Freaks of Five Friends. With 30 
Illustrations. Crown 8 vo, 6s» 

JOYCE, R, W,, LL.D,, Old Celtic Romances. Translated 
from the Gaelic. Cjpwn 8 vo, yr. 6 </. 

RAURMANN, Rev. M,, —Socialism : its Nature, its Dangei*s, 
and its Remedies considered. Crown Svo, yr. 6 ^. 

Utopias; or, Schemes of Social Imprqyement, from Sir Thomas 
More to KarhMajx, Crown 8 vo, 51 , 

HA Y, David, ZliP.G. 5. —Education and Educators. Crown Svo, 

yjrez ^ 

HAY, Jcsep/i.-^FrOQ Trade in Land. Edited by his Widow. With 
Preface by the Right Hon. JOHN BRIGHT, M.P, Seventh 
Edition. Crown Svo, 

• 

HEMPIS, Thomas A— Of the Imitation of Christ. Parchment 
Library Edition. — Parenment or cloth, 6s, ; vellum, yr. 6d, The 
Red Line Edition, fcap. Svo, red edges, 2s, 6d. The Cabinet 
Edition, small Svo, clotn limp, is, ; cloth boards, red edges, ir. 6d, 
The Miniature Edition, red edges! 3 amo, is. 

All the above Editions may be had in various extra bindings, 

KENT, C.— Corona Catholica ad Petri succdasorle Pedes 
Oblat^ti De Sumzxxi Pontificis Leonis XIII. As- 
* sumptione Epigramma. . In«^uinquaginta Linguis, Fcap. 
4to, iss. * 
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KETTLEWELLt Rev, Thomas a Kempis and the Brothers 
of Common Hfe. 2 vols. With Frontispieces. DeSiy 
30J. 

. Also an Abridged Edition, in one volume. Witl Portrait. Crown 
8vo, 7-f* 

KIDD^ Joseph^ il/.Z).—The Laws of Therapeutics ; or, the Science 
and Art of Medicine. Second Edition. Crown 8vo, 6 j. 

KINGSFORD, Anna, Jl/.Z).— The Perfect Way in Diet. A 
Treatise advocating a Return to the Natural and Ancient Food of 
our R&ce. Small crown 8vo, 2j. 

KINGSLEV, Charles, Letters and Memories of his Life. 

Edited ‘by his Wife. With two Steel Lbgraved Portraits, and 
Vignettes on Wood. Fifteenth Cabinet Edition, 2 vols. Crown 
8vo, i2j. 

*** Also a People’s Edition, in one volume. With Portrait. Crown 
8vo, 6s. 

All Saints’ Day, and other Sermons. Edited by the Rev. W, 
Harrison. Third Edition. Crown 8vo, 7s. 6d. 

True Words for Brave Men. A Book for Soldiers’ and 
Sailors’ Libraries. Eleventh Edition. Crown Svo, is. 6d. 

KNOX, Alexander yf.—The New Playground ; or. Wanderings in 
Algeria. New and Cheaper Edition. Large crown 8vo, 6 s. 

LANDON, —School Management ; Including a General View 
of the Work of Education, Organization, and Discipline. Third 
Edition. Crown Svo, 65. 

LAURIE, S, .S*.— The Training of Teachers, and other Educational 
I’apers. Crown Svo, 7 s. 6d. 

LEE, Rev. F. G., Zl.C.Z.- -The Other World ; or. Glimpses of the 
Supernatural. 2 vols. A N^ Edition. Crown Svo, 15J. 

Letters from an Unknown Friend. By the Author of “ Charles 
Lowder.” • With a Preface by the Rev. W. H. Cle;av£r. Fcap. 
Svo, is. 

Letters from a Young Emigrant in Manitoba. Second Edition. 
Small crown Svo, $s. 6d, 

Leward, Frank. Edited by Charles Bampton. Crown Svo, 7s. 61/. 

LEWIS, Edward Dillon.^E Draft Code of Criminal Law and 
Procedure. Demy Svo, 2ir, 

LILLIE, Arthur, M.R.A.S.’^-Tlie Popular Life of Buddha. 
Containing an Answer to the Plibbert Lectures of 1881. With 
Illustrations. Crown Svo, 6s. 

LLOYD, PYaller.^-The Hope of the World s An Essay on Universal 
Redemption. Crown Svo, Ss. ^ 

LONSDALE, Slater Dora \ a Biography. With Portrait. 

' Cheap Edition. C^o^ Sto, zs, 
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LOt^ttSBURY, Thomas /?.— lames Fenlmore Cooper. With 
• ^ Portrait. Crown 8vo, 

LOWDER^ Charl^,^A Biography. By the Author of St. Teresa.” 
New and Cheaper Edition. Crown 8vo. With Portrait. 3^. 6V. 

LUCKESt Eva C. E, — Lectures on General Nursing, delivered to 
the Probationers of the London Hospital Training School for 

Nurses. Crown 8vo, 2s, 6d» 

• 

LYALLf William RowCj D.D. — Propaedeia Prophetica ; or, The 
• Use and Design of the Old Tcbtament Examined. »New Edition, 

With Notices by George C. Pearson, M.A., Hor> Canon of 
Canterbury. BemJ 8vo. 

LYTTOJY, Edtvard Buhocr, Lord, — Life, Letters and Literary 
Remains. By his Son, the Earl of Lytton. With Portraits, 
Illustrations and Facsimiles. Demy 8vo. Vols. I. and II., 32J. 

MACAULAYy G. C— -Francis Beaumont s A Critical Study. Crown 
8 vo, 5^. 

Jl/AC CALLUMy M. /^.—Studies in Low German and High 
German Literature. Crown 8vo, 6s, 

MA C///A FEZL/y Niccolb, — Life and Times. By Prof. V^illart. 
Translated by Linda Villari. 4 vols. Large post, 8vo, 48^. 

MACIIIAVELLTy Niccolb, — Discourses on the First Decade of 
Titus Livius< Translated from the Italian by Ninian Hill 
Thomson, M.A. I^arge crown 8vo, i2j. 

The Prince. Translated from the Italian by N. II. T. Small 
crown 8vo, printed on hand-made paper, bevelled boards, 6s, 

MACKENZIEy Alexander. — How India is Governed. Being an 
Account of England’s Work in India. Small crown 8vo, 2s, 

MACNAC/GNTy Rev, yo/ln, — Coena Domini : An Essay on the Lord’s 
Sujjper, its Primitive Institution, Apostolic Uses, and Subbcquent 
History. Demy 8vo, 14J. j 

AIACWALTERy Rev, G, S, — Life of Antonio Rosmini Serbati 
(Founder of the Institute of Charity), 2 vols. Demy 8vo. 

[Vol, I. now ready, price 12^. 

H/AGNUS, Mrs,—Aho\iX the Jews since Bible Times. From the 
Babylonian Exile till the English Exodus. Small crown 8vo, 6s, 

lUAIRy R, S,y M,D,y F, R, C ,S, E Medical Guide for Anglo- 
Indians. Being a Compendium of Advice to Europeans in 
India, relating to the Presawatlon, and Regulation of Health. 
With a Supplement on the Management of Children in India. 
Second Edition. Crown 8vo, limp cloth, 3^, 6d, 

MALDENy Henry Elliot, — Viennk, 1683 - The His’tory and Conse- 
quencelf of the Defeat of the Turks before Vienna, September 
I2th, 1683, by John Sobieski, dting of Poland, and Charles 
Leopold, Duke of Lorraine. Crown* 8vo, 4s, 6d, 

C s 
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Many Voices. A volume of Extracts from the Kcligious W^^tcrs of 
Christendom from the First to the Sixteenth Centuiy. 
Biographical Sketches, Crown 8vo, cloth extra, red edgc.^,' Oj. 

Jl/^iA'J^V/AM, CV?//. A/ficr/ Hastings, 7?. V.— The Gr^at Frozen Sea : 

A Personal Narrative of the Voyage of the Alo^t during the Arctic 
Exi>edition of 1875-6. With 6 Full-page Illustrations, 2 Msips, 
and 27 Woodc»Us. Sixth and Cheaper Edition. Crown Svo, 6 s, 

A Polar Reconnaissance : bang the Voyage of the Ishjbrn 
to Novaya Zemlya in 1879. With 10 Illustrations. Demy Svo, i6j, 

Marriageiand Maternity ; or, Scripture Wives and Mothers. Small 
crown ^’vo, 4^^. 6 d, * 

MARTINEAU, Gcrtrndi\~-OvLX\ine Lessons on Morals, Small 
Clown ^vo, 35*. 6 d, 

MAUDSLEY, //., M,D , — Body and Will. Being an Essay con- 
cerning Will, in its Metaphysical, Physiological, and Pathological 
Aspects. Svo, I2J. 

McGRATH, Terence, — Pictures from Ireland* New and Cheaper 
Edition. Crown Svo, 2s, 

MEREDITH, -Theotokos, the Example for Woman. 

Dedicated, by permission, to Lady Agnes Wood. Revised by 
the Venerable Archdeacon Denison. 32mo, limp cloth, u. 6 d, 

MILLER, Edward. —The History and cBoctrines of Irvingism ; 
or. The so-called Catholic and Apostolic Church. 2 vols. Large 
post Svo, 25J. 

The Church in Relation to the State. Large crown Svo, 
7 j. 6 d, 

MINCH IN, y, ( 7 .— Bulgaria since the War : Notes of a Tour in 
the Autumn of 1879, Small crown Svo, 35. 6 d, 

MITCHELL, Lucy 71 /.— A History of Ancient Sculpture. With 
numerous Illustrations, including 6 Plates in Phototype. Super 
royal Svo, 42X, 

Selections from Ancient Sculpture. Being a Portfolio cejn- 
taining Reproductions in Phototype of 36 Masterpieces of Ancient 
Art'to illustrate Mrs. Mitchcirs ♦^Histoiyof Ancient Sculpture.” 
iSj. 

MITFORD, Through the Zulu Country. Its Battle- 

fields and its People? \Vith Five Illustrations. Demy Svo, 14J. 

MOCKLER, /i*.— A Grammar of the Baloochee Language, as 
it is spaken in Makran (Ancient Gedrosia), in the Persia- Arabic 
and Roman characters. Fcap. Svo, 5^. 1 

MOIJESWORTH, Rev, W, Nassau, History of the Church 

of England frdm 1660. Xaige prown Svo, *]s, iseU 
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MO^fiLLy y, R , — Euclid Simplified in Method and Language. 
Being a Manual of Geometry. Compiled from the most important 
^ French Works, approved by the University of Paris and the 
Ministei of Public Instruction. Fcap. 8vo, 2j. 6 </. ^ 

MORRIS^ George, — The Duality of all Divine Truth*in our 
Lord Jesus Christ. P'or God’s Self-manifestation in the Impar- 
tation of the Divine Nature to Man. Large crown 8vo, *js, bd, 

MORSE^ E, S.i Ph,D, — First Book of Zoology. With numerous 
Illustrations. New ftnd Cheaper Edition. Crown 8vo, 2s. 6d, 

MULLy Mathias, —Paradise Lost. By J ohn Miltoij. Books I— V I. 
The Mutilations of the Text emended, the Punctuation reviscti, 
and all col^cti^ly presented, with Notes mid Preface ; also 
a short Essay on the Intellectual Value of Mflton’s Works, etc. 
Demy 8vo, 6 j, 

MURPHY^ John Nicholas, — ^The Chair of Petei\; or. The Papacy 
considered in its Institution, Development, and Organization, and 
in the Benefits which for over Eighteen Centuries it has conferred 
on Mankind. Demy 8vo, 18.?. 

Nature’s Nursling. A Romance from Real Life. By Lady GicJt* 
TRUDE Stock. 3 vols. Crown 8vo, 31J. td, 

NELSONy y, H,y A Prospectus of the Scientific Study 

• of the Hindi! Law. Demy 8vo, 9^. 

NEWMANy Cardinal , — Characteristics from the Writings of. 
Being Selections from his various Works. Arranged with the 
Author’s personal^ Approval. Sixth Edition, With Portrait. 
Crown 8vo, 6j. 

A Portrait of Cardinal Newman, mounted for framing, can 
be had, 2 s, 6d, 

NEWMANy Francis William, — Essays on Diet. Small crown 8vo, 
cloth limp,«2J. ^ • 

New Truth and the Old Faith: Are they Incompatible? By a 
Scientific Layman* Demy 8vo, loj. 6d, 

New Werther. By Loki. Small crown 8vo, 2?. 6d, 

NICHOLSONy Edward Byron, — ^The Gospel according to the 
Hebrews. Its Fragments Translated and Annotated, with a 
Critical Analysis of the External and Internal Evidence relating 
to it. Demy 8vo, 9 j. 6^, 

A New Common tory on the Gospel' according to 
Matthew. DemySvo, i 2 s, 

NICOLSy Arthury F,G,S,y /'./?. Chapters from the Physical 
History of the Earth 3 •an Introduction to Geology and 
Palseontology, With numerous Illustrations. Crown 8vo, $s, 

NOFSy Marianfu,— -Class Lessons on Euclid. Part I. containing 
the First Two Books of the Elements. Croww Svo, 2 s, 6d. 

Nuces ! ExtacisEs on the Syntax of the Public School Latin 
Primer. • New Edition in Threrf Parts. Crown Svo, each is. 
The Three Parts can also be had hound together, jr. 
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1 

OATJSS, Frank, i?’.y?.(?.*S'.--Matabele Land and the Victoria 
Falls. A Naturalist’s Wanderings in the Interior of 
Africa. Edited by C. G. Oates, B.A. With numerous IllJijtra- 
^ tions and 4 Maps, Demy 8 vo, 2 is» f 

OGLE, tv., M.D., Aristotle on the Parts of Animals. 

Translated, with Introduction and Notes, Royal 8 vo, 12 j, 

0" HAGAN, Lord, Occasional Papers and Addresses. 

Large crown 8 vo, yj. ^ 

QKEN, Lorenz, Life of. By Alexander Ecker, With Explanatory 
Notes, Elections from Oken’s Correspondence, and Portrait of the 
Professor. From the German by Alfred Tulk, Crown 8 vo, 6s. 

r ■ € 

O'MEARA, Kathleen. — Frederic Ozanam, Professor of the Sorbonne : 
Ilis Life and Work. Second Edition. Crown 8 vo, *!$. 6d. 

Henri Pei/reyve and his Counsels to the Sick. Small 
crown 8 vo, 5 ^, 

OSBORNE, Rev, IV, yf.— The Revised Version of the New Tes- 
tament. A Critical Commentary, with Notes upon the Text. 
Crown 8 vo, Ss. 

OTTLEY, //. Bichcrslcih.'^^Hh.e Great Dilemma. Christ Ilis Own 
Witness or His Own Accuser. Six Lectures. Second Edition, 
Crown 8 vo, 3 ^. 6d, 

Our Public Schools— Eton, Harrow, Winchester, Rugby, 
Westminster, Marlborough, The Charterhouse. 
Crown 8 vo, 6s, ^ 

GIVEN, F, M, — John Heats : a Study. Crown 8 vo, 6 j, 

Across the Hills. Small crown 8 vo, is, 6d, 

GIVEN, Rev. Robert, Sanctorale Catholicum ; or, Book of 

Saints. With Notes, Critical, Ifxegetical, and Historical. Demy 
8 vo, i8j, 

OXENHAM, Rev. F. Nntcoinbe. — What is the Truth as to Ever- 
lasting Punishment. Part II, Being an Historical Inquiry 
into the Witness and Weight of certain Anti-Origenist Councils. 
Crown Svo, 2s, 6d, 

OXONIENSIS, — Romanism, Protestantism, Anglicanism. 
Being a Layman’s View of some questions of the Day. Together 
with Remarks on Dr. Littledale’s ‘‘.Plain Reasons against join- 
ing the Church of Rome.” Crown Svo, 3 ^. 6d, 

PALMER, the late Notes of a Visit to Russia in 

1840-1841. Selected «and arranged by John H, Cardinal 
Newman, with portrait, Crown Svo, 8j. 6d, 

Early Christian Symbolism. A Series of Compositions from 
Fresco PAintings, Glasses, and Sculptured Sarcophagi. Edited 
by the Rev. Provost NORTHCOTE, D.D., and thi Rev. Canon 
Brown low, M.A, lyith Coloured Plates, folio, 42 J,, or with 
Plain Plates, folio, 25 ^, 
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Parchment Library. Choicely Printed on hand^made paper, limp 
* * parchment antique or cloth, 6s » ; vellum, 7 j. 6</. each volume. 

Selections from the Prose Writings of Jonathan Swift. 
With Preface and Notes by Stanley Lane-Poole* and 
Portrait. • 

English Sacred Lyrics. 

Sir Joshua Reynolds’s DjiscourseS. Edited by Edmund 
Gosse, • 

* # 

Selections from Milton’s Prose Writir;gs. Edited by 

Ernest Myers. , 

The Book o&PsAlms. Translated by the Rev. T. K. Cheyne, 
M.A. 

The Vicar of Wakefield. With Preface and Notes by Austin 
Dobson. \ 

English Comic Dramatists. Edited by Oswalt> Crawfurd. 

English Lyrics. 

The Sonnets of John Milton. Edited by Mark Pattison, 
With Portrait after Vertue. ^ 

French Lyrics. Selected and Annotated by George Saints- 

• bury. With a Miniature Frontispiece designed and etched by 
H. G. Glindoni. I 

Fables by Mr. John Gay. With Memoir by Austin Dobson, 
and an Etched Portrait from an unfinished Oil Sketch by Sir 
Godfrey Kneller. 

Select Letters of Percy Bysshe Shelley. Edited, with an 
Introduction, by Richard Garnett. 

The Christian ^Year. thoughts in Verse for the Sundays and 
Holy Days throughout the Year. With Miniature Portrait of the 
^Rev, J. Keble, after a Drawing by G. Richmond, R.A. 

Shakspere’s Works. Complete in Twelve Volumes. 

Eighteenth Century Essays. Selected and Edited by Austin 
Dobson. With a Miniature Fronjispiece by R. Caldecott. 

Q. Horatl Flacci Opera. Edited by F. A. Cornish, Assistant 
Master at Eton. a Frontispiece after a design by L. Alma 

Tadema, etched by Leopold Lowenstam. 

Edgar Allan Poe’s Poems. W^ith an Essay on liis Poetry by 
Andrew Lang, and a Frontispiece by Linley Sambourne. 

Shakspere’s Sonnets. Edited by Edward Dowden. With a • 
Frontispiece etched by Leopold Lowenstam, after the Death 
Mask. 

En^lis^ Odes. Selected by Eomdnd Gosse. With Frontis- 
piece on India paper by Hamo Tngrnycroft, A. R.A. 
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Parchment Library— 

Of the Imitation of Christ. By T^o^TAS X KempisV.A 
revised Translation. With Frontispiece on India paper, Wfn a 

» Design by W. B. Richmond, # 

Poems ! Selected from Percy Bysshe Shelley. Dedicated to 
Lady Shelley. With a Preface by Richard Garnett and a 
Miniature Fronti^Lpicce. 

*** The above volumes may also be had in a variety of leather bindings. 

PARSLOE^ Jofepli. — Our Railways. Sketches, Historical and 
Dcsciiptivc. With Practical Information as to Fares and Rates, 
etc., and /I Chapter on Railway Reformc (Jrown 8 vo, 6s, 

PASCAZt Blaise. — The Thoughts of. Translated from the Text of 
Auguste Molinicr, by C. ICegan Paul. Large crown 8vo, with 
Frontispi«e, printed on hand»made paper, parchment antique, or 
cloth, vellum, 15 J. 

PA ULi Alexander. — Short Parliaments. A History of the National 
Demand for frequent General Elections. Small crown 8 vo, 3 r. 6d. 

PAUL ZCegan. — Biographical Sketches, Printed on hand-made 
paper, bound in buckram. Second Edition. Crown 8 vo, 6d. 

PEARSON^ Rev. S. — Week-*day Living. A Book for Young Men 
and Women, Second Edition. Crown 8 vo, 

PESCHEL The Races of Man and their Geo- 

graphical Distribixtion. Second Edition, Large crown 
8 vo, 9 x. 

PETERSy F, //.—The Nicomachean Ethics of Aristotle. Trans- 
lated by. Crown Svo, 6s, 

PIJIPSONy A".— The Animal Lore of Shakspeare’s Time. 
Including Quadrupeds, Birds, Reptiles, t'ish and Insects, Large 
post Svo, gs,^ 

PIDGEONy Z>.— An Engineer’s Holiday \ or, Notes of a Round 
Trip from Long. 0 ° to o®. New and Cheaper Edition. Large 
crown Svo, Js. 6d. 

Old World Questions and New World Answers, Large . 
crown Svo, ys. 6d, 

POEy Edgar Allan. — Works of. With'kn Introduction and a Memoir 
by Richard Henry Stoddard. In 6 vols. With Frontispieces 
and Vignettes. Large crown Svo, 6s, each. 

POPE, y, — Railway Rates and Radical Rule. 

Trade Questions as Election Tests. Crown Svo, 2s. 6d, 

PRICE, Prof. Bonamy. — Chapters on Practical Political 
Economy. Being the Substance of Lectures dfjliyered before 
the University of Oxford, New and Cheaper Edition. Large 
post Svo, 5 j, » 



Kegan Partly Trench & Cols PnhUcaiions. 


23 


Pulpit Commentary, The. (Old Testament Series.) Edited by the 
Rev. J. S. Exell, M. A., and the Rev. Canon H. D. M. Spence. 

CTonesis. By the Rev. T. WhitelAW, M.A. With Homilies by 
the Verf Rev. J. F. Montgomery, D.D., Rev. Prof. R.«A. 
Redford, M.A., LL.B., Rev. F. Hastings, R?v. W. 
Roberts, M.A. An Introduction to the Study of the Old 
Testament by the Venerable Archdeacon Farrar, D.D., F.R.S. ; 
and Introductions to the Pentateuch by fhe Right Rev. H. CoT- 
TEIIILL, D.D., and Rt;v. T, Wiiitelaw, M.A. Eighth Edition, 
I vol., 15J. 

Exodus. By the Rev. Canon Rawlinson. With ^lomilies by 
Rev. J. Orr^Rcv. D. Young, B.A., Rev. C^ A. Goodhart, 
Rev. J. Urquhart, and the Rev. II. T. RoiuoiiNS. Fourth 
Edition. 2 vols., iSs» 


Leviticus. By the Rev. Prebendary Meyric^, M.A. With 
Introductions by the Rev. R. Collins, Rev. Profesj^or A. Cave, 
and Homilies by Rev. Prof. Redford, LL.B.,* Rev. J. A. 
Macdonald, Rev. W. Clarkson, B.A., Rev. S. R. Aldridge, 
LL.B., and Rev. McCheyne Edgar, Fourth Edition, i^s. 


Numbers. By the Rev. R. Winterbotiiam, LL.B. With 
Homilies by the Rev. Professor W. Binnie, D.D., Rev, E. S. 
Prout, M.A., Rev. D. Young, Rev, J. Waite, and an Intro- 
*duction by the Rev. Thomas Whitelaw, M.A. Fourth 
Edition, I5r. 

Deuteronomy. By the Rev. W. L. Alexander, D.D. With 
Homilies by Rev. C. Clemance, D.D., Rev. J. Orr, B.D., 
Rev. R. M. Edgar, M.A., Rev. D. Davies, M.A. Third 
edition. 15J. 

Joshua. By Rev. J. J. Lias, M.A. With Homilies by Rev. 
S. R. Aldridge, LL.B., Rev. 1^ Glover, Rev. E. de 
PREssENsEjO.Ii., Rev. Ja Waite, B.A., Rev. W. F. Adeney, 
M.A. ; and an Introduction hy the Rev. A. Plummer, M.A. 
liifth Edition, 12s, (xi. 

Judges and Ruth. By the Bishop of Bath and Wells, and 
Rev. J. Morison, D.D. With Homilies by Rev, A. F. Muir, 
M.A.,* Rev. W. F. Adeney, M.A., Rev. W. M. Statham, and 
•Rev, Professor J. Thomson, M.A. Fourth Edition. Tor. 

1 Samuel. By the Very Rev. R. P. Smith, D.D. With Homilies 
by Rev. Donald Fiwvser, D.D., Rev. Prof. Chapman, and 
Rev. B. Dale. Sixth Edition. 15^. 

1 Kings. By the Rev. Joseph Hammond, LL.B. With Homilies 
by the Rev. E. DE PressensU, p.D., Rev. J. Waite, B.A,, 
Rev. A. Rowland, LL.B., Rev. J. A. Macdonald, and Rev. 
J. Urquhart. Fourth Edition. 15^. 

1 Chronicles. Bv the Rev. Prof. P. C. Barker, M.A., LL.B. 
With Homilies by Rev. Prof. J. R. Thomson, M.A., Rev. R. 
Tuck, B.A.) Rev. W. Clarksoi^, B.A., Rev. F. Whitfield, 
IV^.A., and Rev. Richard Gloyeiu ijr. 
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Pulpit Comtnentary, ^The—coniintied, 

Ezra, Nehemiah, and Esther. By Rev. Canon G. RAwflf^^^oN, 
M.A. With Homilies by Rev. Prof, J. R. Thomson, M.Alf^I^cv. 

, Prof. R, A. Bedford, LL.B., M.A., Rev. W/^ S. Lfavis, M.A., 
* Rev. J. A. Macdonald, Rev. A. Mackennal, B.A., Rev. W. 
Clarkson, B.A., Rev. F. Hastings, Rev. W. Dinwiddie,, 
LL.B., Rev. Prof. Rowlands, B.A., Rev. G. Wood, B.A., 
Rev. Prof. P.*' C. Barker, M.A., LL.B., and the Rev. J. S. 
Exell, M.A. Sixth Edition. Lvol., J 2 s . 6 d , 

Jeremiah. (Vol. I.) By the Rev. T. K. Ciieyne, M.A. With 
Hcmiities by the Rev. W. F. Adeney, M.A*, Rev. A. F. Muir, 
M.A., Rev. S. Conway, B.A., Rev. J. Waite, B.A., and Rev. 
D. Yo5ng, B.A. Second Edition. 15^? 

Jeremiah (Vol. II.) and Lamentations. By Rev. T. K. 
Cheyne, M.A. With Homilies by Rev. Prof. J. R. Thomson, 
M.A., Rev. W. F. Adeney, M.A., Rev. A. F. Muir, M.A,, 
S. Conway, B.A., Rev. D. Young, B.A. 15^. 

Pulpit Commentary, The. (New Testament Series.) 

St. Mark. By Very Rev. E. Bickerstetii, D.D., Dean of Lich- 
field. With Homilies by Rev. Prof. Thomson, M.A., Rev. Prof. 
Given, ]\I.A., Rev. Prof. Johnson, M.A., Rev. A. Rowland, 
B.A., LL.B., Rev. A. Muir, and Rev. R. Green. Fourth 
Edition. 2 vols., 21 j. * 

The Acts of the Apostles. By the Bishop of Bath and Wells. 
With Homilies by Rev. Prof. P. C. Barker, M.A., LL.B., Rev. 
Prof. K. Johnson, M.A., Rev. Ptof. R. A. Redford, M.A., 
Rev. R. Tuck, B. A., Rev. W. Clarkson, B.A. Second Edition, 
2 vols., 2IJ. 

1 Corinthians. By the Ven. Archdeacon Farrar, D.D. With 
Homilies by Re//. Ex-Chanccllor Lipscomb, LL.D., Rev. 
David Thomas, D.D., ReC. D. FraseJR, D.D., Rev. Prof. 
J. R. Thomson, M.A., Rev. J. Waite, B.A., Rev. R. Tuck, 
B.A., Rev.^E. Hurndall, M.A., and Rov. PL Bremner, B.D. 
Second Edition. Price 1 5.^. 

PUSJSY^ Z?r.— Sermons for the Church’s Seasons from 
Advent to Trinity. Selected from the Published Sermons 
of the late Edward Bouverie Pusey, D.D. Crown 8vo, 5x. 

I^ADCLIFFEf Frank R, K — The New Politicus. Small crown 8vo, 

2L (id. 

RANKEy Leopold von . — Universal History, The oldest Historical 
Group of Nations and the Greeks. Edited by G. W. Prothero. 
Demy 8vo, i6.f. 

Realities of the Future Life* Small crown 8vo, is, 6 d, 

RENGELL^ % .^/.—Concise Handbook of t^g.e Island of 
Madeira. With PUn of Funchal and Map of the Island, Fcap. 
SvQa V* 6</. - 
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REYNOLDS, Rev. J. fK— The Supernatural in Nature. A 
Verification by Free Use of Science. Third Edition, Revised 
^^and Enlarged. Dciiiy 8vo, 14-r. 

The Mystery of Miracles. Third and Enlarged Editi«n. 
Crown 8vo, 6x. • 


The Mystery of the Universe ; Our Common Faith. Demy 
8vo, I4f. ^ 

RIBOTi Prof, Th, — Heredity: A Psychological Study on its Phenomena, 
its Laws, its Causes, and its Consequences. Second Edition. 
Large crown 8vo, qj. • 

RIMMER^ William, Anatomy. A Portfolio of 81 Plates. 

Folio, 70J., neit. 


ROBERTSON^, The late Rev. F. W, and Letters of. 

Edited by the Rev. Stopford Brooke, M.A. \ 

I. Two vols., uniform with the Sermons. Witn Sjeel Portrair. 

Crown 8vo, yx. Gd» 

II. Library Edition, in Demy 8vo, with Portrait. I2 j. 

III. A Popular Edition, in i vol. Crown 8vo, 6s, 

Sermons. Four Scries. Small crown 8vo, 3J. 6tl. each. 

The Human Race, and other Sermons. Preached at Chelten- 
ham, Oxford, and Brighton. New and Cheaper Edition. Small 
crown 8vo, 3^, 6d, 

Nfotes on Genesis. New and Cheaper Edition. Small crown 8vo, 
3^. 6d, 

Expository Lectures on St. Paul’s Epistles to th.e 
Corinthians. A New Edition, Small crown 8vo, 5J. 

Lectures and Addresses, with other Literary Remains. A New 
Edition, Small crown 8vo, 5^. 

An Analysis erf Tennysoji’s “ In l/emoriam,” (Dedicated 
by Permission to tne Poet-Laureate.) Fcap. 8vo, 2s, 

The Education of the Human Race. Translated from the 
German of Gotthold Ephraim Lessing, reap. 8vo, 2 j. 6d. 

The above Works can also be had, bound in half morocco. 

A Portrait of the late Rev. F, W, Robertson, mounted for framing, 
can be had, 2s, 6^. 

RbMANES, G. 7: — Mental Kvoiution In Animals. With a 
Posthumous Essay on •Instinct by Chari.es Darwin, F.K.S. 
Demy 8 vo, I 2 .f, 


ROSMINI SERBATI, A,, Founder of Ijie Institute of Charity. Life. 
By G. Stuart MacWalter. z vois, 8vo. 

[Vol. I. now ready, 12s, 

RosminPs Origin of Ideas. Translated from the Fifth “Italian 
Edition ^f the Nuovo Saggio Sull* oripnc ddle idee, 3 vols. 
Den^y Svo, cloth, each. ^ 

Rosmini’s Psychology. 3 vols. Demy 8’io. [Vol. I, now ready, i6s. 
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Hosmini’s Philosophical System. Translated, with a Sketch of 
the Author’s Life, Bibliography, Introduction, and iVtoo by 
Thomas Davidson, Demy 8v6, i6s, 

KULE^ Marlin, M,A. — The Life and Times ‘of St, Anselm, 

' Archbishop of Canterbury and Primate of tho 
Britains. 2 vols. Demy 8vo, 32J. 

SAMUEL, Sydney — Jewish Life in the East, Small crown 

8 VO, 3 r. Od, 

SAETOEIUS, Erncsiine. — Three Months in the Soudan. With 
II Fttll-page Illustrations. Demy 8vo, 14J. « 

SAVCE, Eer, Archibald Henry . — Introduction to the Science of 
Langfuage. 2 vols. Second Edifion.t Large post 8vo, 21s, 

Scientific Layman. The New Truth and the Old Faith: are they 
Incomuatiblc ? Demy 8vo, lOf. 6d. 

SCOOJVES, Iv, Baptiste . — Four Centuries of English Letters : 

A Selection of 350 Letters by 150 Writers, from the Period of the 
1‘aston Letters to the Present Time. Third Edition, Large 
crown Svo, 6^. 

S&E, lUWF. 6V?AW^/A^.— Bacillary Phthisis of the Lungs. 
Translated and edited for English Practitioners by William 
Henry Weddell, M.R.C.S, Demy Svo. 

SIIILLITO, Rev. Joseph. — Womanhood ; its Duties, Temptations, 
and Privileges. A Book for Young Women, Third Edition, 
Crown Svo, 3J. (id, 

SiriPLEY, Rev, Orhy, Principles of the Faith in Rela- 

tion to Sin. Topics for Thought in Times of Retreat. 
Eleven Addresses delivered during a Retreat of Three Days to 
Persons living in the World. Demy Svo, 12s, 

SIDNEY, Algernon, — AvReview. By Gertrude M. Ireland Black- 
BURNE. Crown Svo, 6s. ^ „ ‘■ 

Sister Augustine, Superior of the Sisters of Charity at the St. 

Johannis JTospital at Bonn. Authorised Translatisn by Hans 
Txiarau, from the German “ Memorials of Amalie von 
Lasaulx.” Cheap Edition. Large crown Svo, 4s, 6d, 
SAVALNER, James. — A Memoir. By the Author of “Charles I.owdcr. ” 
With a Preface by the Rev. Canon Carter, and Portrait. 
Large crown, p. 6d. “ < 

Also a cheap Edition. With portrait. Crown Svo, 3J. 6d, 
SMITH, Edivard, M.D., JM.B., 7^. Tubercular Consump- 
tion in its Early and Remediable Stages. Second 
Edition. Crown 8vo„6j. 

SPEEDING, >5/w«.—Reviews and Discussions, Literary, 
« Political, and Historical not relating to Bacon. Demy 
Svo, \€s, 6 d, 

Evenings with a Reviewer; or, Bacon and Macaulay. 
With a Prefatory •Notice by G. S. Venables, (^.C. z vols. 
Demy Svo, * 
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STAFFER, FauL — Shakespeare and Classical Antiquity: 

S Creek and Latin Antiquity as presented in Shakespeare’s I’lays. 
translated by Emily J. Carey, Large post 8vo, 12s, 

STATIIAM, F, Reginald , — Free Thought and Truth Thoughts 
A Contribution to an Existing Argument, Crown 8vo, 6^. 

S'FFVENSOiV, Rev. IV. Al— Hymns for the Church and Home. 
Selected and Edited by the Rev. W. FLEMiJMG Stevenson. 

The Hymn Book consists of Three Parts : — I. For Public 
Worship. — II, For Family and Private Worship,— III. 
I^’or Children. Small Edition. Cloth* limp, lod. ; 
cloth boards, js. Large Type Edition, C 4 oth limp, 
is. ^d. f cloth boards, is. 6d. • 

Stray Papers on Education, and Scenes from School Life. By B. 11 . 
Second Edition. Small crown 8vo, $s. 6d. « 

STREATFElLDy Rev. G. . 4 .— Lincolnshire an^ tlje Danes. 
Large crown 8vo, yj. (id^ 

STRECKER- WISIJCENUS . — Organic Chemistry. Translated and 
Edited, with Extensive Additions, by W, R, IIodgkinson, 
Ph.D., and A. J. Greenaway, F.I.C. Demy 8vo, 2is, 

Study of. the Prologue and Epilogue in English Literature. 
From Shakespeare to Dryden, By G. S. B, Crown 8vo, $s. 

' SC/LL F, Tames, M. A. ^'Pessimism ; a History and a Criticism. 
Second Edition. Denjy 8vo, 14s, 

SFTI/ERST, TAomas.~—I^ea.tli and Disease Behind the Counter. 
Crown 8vo, is. 6d. ; sewed, is, 

SWEDENBORG, Evian.—IDQ Cultu et Amore Dei ubi Agitur 
de Telluris prtu, Paradiso et Yivario, turn de Pri- 
mogeniti Seu A*daml ifativitate Infantia, et Amore. 
Crown 8vo, 6s. 

SYME, Representative Government id England. Its 

Faults and Failures. Second Edition, Large crown 8vo, 6s, 

Tacitus’s Agricola. A Translation, Small crown 8vo, 2s. 6d, 

7 'A^EOR, Rev. /ffliflc.—The Alphabet. An Account of the Origin 
and Development of Letters. With numerous Tables and 
Facsimiles, 2 vols, D^my 8vo, 36J. 

TA YLOR, Jeremy , — The Marriage Ring. With Preface, Notes, 
and Appendices. Edited b^ Francis Burdett Money Coutts. 
Small crown 8vo, 25, 6 d, • 

TAYLOR, Sedley.—PxoViX Sharing between Capital ^and 
Labour. To which is added a Memorandum oiv the Industrial 
Partnersliip at the Whitwood Collieries, by Archibald and 
Henry Briggs, with remarks by S^ley Taylor. Crown 8vo, 
2s, 6d, . 
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Thirty Thousand Thoughts. Edited by the Rev. Canon Spence, 
Rev. T. S. Exell, and Rev. Charles Neil. 6 vo^^^Sni^er 
royal 8vo. 

^ [Vols. I„ II., and III. fpw ready, i6s, each. 

y, J/am 7 /on.-~lLscwrs of Life after the Mind of Christ. 
Second Edition. Crown 8vo, 7s. 6d. 

THOMSON.J, 7 >/;vVv///.— Social Problems ; or, An Inquiry into 
the Laws of Influence. W^th Diagrams. Demy 8vo, los, 6d, 

TWMAN’, Paul /'.—Gold and Silver Money. Part I.— A Pla^ 
Statement. Part II. — Objections Answered. Third Edition. 

irown 8vo, is. , 

•' c 

TIPPLE^ Rev. S. Sunday Mornings at Norwood. Prayers 
and Sermons. Crown 8vo, 6 j. 

TOimUNTJ^R, Dr, y.— A Study of Shelley. Crown 8vo, 7s, 

TRANT, Trade Unions ; Their Origin, Objects, and 

Eflicacy. Small crown 8vo, Gd . ; paper covers, is, 

TREMENllEERR, Hugh Seymour, Manual of the 

Principles of Government, as set forth by the Authorities 
of Ancient and Modern Times. New and Enlarged Edition. 
Crown 8vo, 3^. Gd, 

TUKE, Daniel Hack, M.D., Chapters in the History 

of the Insane in the British Isles. With Four Illustra- , 
tions. Large crown 8vo, izs, 

TWINING, Workhouse vfsiting and Management 

during Twenty-Five Years. Small crown 8vo, zs, 

TYLER, y— The Mystery of Being! or, What Do We 
Know ? Small crown 8vo, 3^. Gd. 

UPTON, Major R, D , — Gleanings from#thd Desert of Arabia. 
Large post 8vo, ioj. Gd, 

VACUUS VIATOR . — Flying South. Recollections of* France and 
its Littoral. Small crown 8vo, 3J. Gd, 

VAUGHAN, H, Halford,^'^^^ Readings and Renderings of 
Shakespeare’s Tragedies. 2 vols. Demy 8vo, zss. 

VILLA R I, Professor, -—TSliccolb Machiavelli and his Times. 
Translated by Linda VillaUi.^ .4 vols. Large post 8vo, 48^. 

VILLIERS, The Right Hon, C, P , — Free Trade Speeches of. 
With Political Memoir. Edited by a Member of the Cobden 
Club. 2 vols. Withr Portrait. Demy 8vo, 25^’, 

%* People’s Edition. * 1 vol. Crown 8vo, limp cloth, zs. Gd, 

VOGT, Lieut.-Col, /Amir?7«.~-The Egyptian War of 1882 . 

A trarffelation. With Map and Plans. Large crown 8vo, Gs, 

VOLCNXSOM, E, W, r^.^Catechism of Elementary Modern 
Chemistry. Spall crown 8vo, 3J. 
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VYNER^ Lady Kvery Day a Portion, Adapted from the 

’^Hible and the Prayer Book, for the Private Devotion of those 
j%ing in Widowhood. Collected and Edited by Lady Mary 
Vyner^ Square crown 8vo, ^ 

IVALDSTEIN, Charles, The Balance of Emotion S.nd 

Intellect; an Introductory Essay to the Study of Philosophy. 
Crown 8vo, 6x, ^ 

VYALLER, Rev. C, B. — The Apocalypse, reviewed under the Light 
of the Doctrine of the Unfolding Ages, and the Restitution of All 

• Things. Demy 8vo, I2 j. • • 

WALPOLE, Chas. Georgy— A Short History of Irelaijd from the 
Earliest Times to the Union with Great Britain. 
With 5 Maps and Appendices. Second Edition. Crown 8vo, 6 s. 

WALSHE, Walter Hayle, Dramatic Singin^^ Physiolo- 
gically Estimated. Crown 8vo, 3x. 6 d. ^ 

WARD, William George, -Essays on the Philosophy of 

Theism. Edited, with an Introduction, by Wilfrid Ward. 
2 vols. Demy 8vo, 2ix. 

WARD, Wilfrid. — The Wish to Believe, A Discussion Concern- 
iiiff the Temper of Mind in which a reasonable Man should 
undertake Religious Inquiry, Small crown 8 yo, 5x, 

WEDDERBURN, Sir David, Bart., M.P. — Life of. Compiled from his 
Journals and Writings by his sister, Mrs. E. II. Percival. With 
etched Portrait, and faeftmiles of Pencil Sketches. Demy 8vo, 14X. 

WEDMORE, Frederick. — The Masters of Genre Painting. With 
Sixteen Illustrations. Post 8vo, *js. 6 d. 

What to Do and How to Do It. A Manual of the Law affecting 
the Housing and Sj^nitary Cpndition of Londoners, with special 
Reference to the Dwellings of the Poor, Issued by the Sanitary 
Lawjj Enforcement Society. Demy 8vo, is, 

WHEWELL, William, His Life and Selections from his 

Correspondence. By Mrs. Stair Douglas. With a Portrait 
from a Painting *by Samuel Laurence. Demy 8vo, 2ix. 

WHfTNEY, Prof. William Dwight.-- 'Essentials of English 
Grammar, for the Use of .Schools, Second Edition. Crown 
8vo, 3J. 6 d, * • 

WILLIAMS, Roxvland, D.D. — Psalms, Litanies, Counsels, and 
Collects for Devout Persons. Edited by his Widow. New 
and Popular Edition. Crown 8vo, ^s.Iid. 

Stray Thoughts Collected from the Writings of the 
late Rowland Williams, D.D. Edited by his WkJow. 
Crown 8v^ 3J. 6 d. * 

WILSON, Lieut.-Col. C, 7*. — The Duke.ef Berwick, Marshal 
of France, 1702 - 1734 . Demy Sv% i$s. 



30 


A List of 


ir/LS 0 A\ Mrs. A\ K — The Christian Brothers. Their Origin and 
Work. With a Sketch of the Life of their Foundef,*^ Ven. 
Jean Baptiste, de la Salle, Crown 8vo, 6 j. 

<yOZTAfANA\ Dr. Alfred, and WOERMANN, 3 r. History 

of Painting. Edited by Sidney Colvin. Voh I. Painting 
in Antiquity and the Middle Ages. With numerous Illustrations. 
Medium 8v(j^ 28 j. ; bevelled boards, gilt leaves, 30J. 

Word was Made Flesh. Short Family l^eadings on the Epistles for 
each Sunday of the Christian Year. Demy 8vo, loj. 6d, 

IFRENy^ir Christopher . — His Family and His Times. With 
Original Letters, and a Discourst on Architecture hitherto un- 
published. By Lucy Piiillimore. Demy 8vo, ioj. (>d. 

YOUMANS, Eliza First Book of Botany. Designed to 
Cultivate the Observing Powers of Children. With 300 
IJngravings. New and Cheaper Edition, Crown 8vo, 2s, 6d* 

YOUMANS, Edward Z., M.D.--K Glass Book of Chemistry, on 
the Basis of the New System. With 200 Illustrations. Crown 
8vo, $s. 


THE INTERNATIONAL SCIENTIFIC SERIES* 

I. Forms of Water : a Familiar ^Exposition of the Origin and 

Phenomena of Glaciers. By J. Tyndall, LL.D., F.R.S. With 
25 Illustrations. Eighth Edition. Crown 8vo, 5.5-. 

II. Physics and Politics ; or, Thoughts on the Application of the 

Principles of “.Natural Selection” and “ Inheritance ” to Political 
Society, By Walter Bagehot. Sixth Edition, Crown 8vo, 4^. 

III. Foods. By Edward .Smith, M.D., LL.B., F.R.S. With numerous 

Illustrations. Eighth Edition. Crown 8vo, 5^. ' 

IV. Mind and Body : the Theories of their Relation. By Alexander 

Bain, LL.D, With Four Illustrations. ‘Seventh Edition. Crown 
8vo, 4s, 

V. The Study of Sociology. By Herbert Spencer. EleVenlh 

Edition. Crown 8vo, 5^. « * 

VI. On the Conservation of Energy, By Balfour Stewart, M.A., 

LL.D., F.R.S. With 14 Illustrations, Sixth Edition. Crown 
8vo, 5 j. , ' 

VII. Animal Locomotion ; or Walking, Swimming, and Flying. By 

J* IL Pettigrew, M.D., F.R,S., etc. With 130 Illustralioiis. 
Third Edition. Crown 8vo, $s, ^ 

VIII. Responsibility In Mental Disease* By Henry Maudsley, 

M.D, Fourth Edition. Crown 8vo, 5 j. 
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IX. Tlijp New Chemistry. By Professor J. P. Cool.c. \Vi(h 31 

N Illustrations. Eighth Edition, remodelled and enlarged. Crown 
j 5 vo, 5J. 

X. The Science^f Law. By Professor Sheldon Amos. Fifth E^iti(ln. 
Crown 8vo, 5^. ^ 

Xf. Animal Mechanism : a Treatise on Terrestrial and Aerial Loco- 
motion. By Professor E. J. Marey. With 117 Illuslrations, 
Third Edition. Crown 8vo, $s. 

The Doctrine of Descent and Qarwinism., By Professor 
Oscar Schmidt, With 26 Illustrations, Sixth Editi^i. Crown 
8vo, 5^- • * 

XIII. The History of the Conflict between Religion and 
Science. By J. W. Draper, M.D., LL.D. Eighteenth Edition. 
Crown 8vo, $s, * 

XIV, Fungi : their Nature, Influences, Uses, etc. By Mt C. Coohe, 
M.D., LL.D. Edited by the Rev. M. J. Berkeley, M.A., P'.L.S. 
With numerous Illustrations. Third Edition. Crown 8vo, 5J. 

XV. The Chemical Effects of Light and Photography. By 
Dr. Hermann Vogel. Translation thoroughly Revised,' With 
100 Illustrations, Fourth Edition, Crown 8vo, 5^, 

• 

XVI. The Life and Growth of Language. By Professor William 
Dwight Whitney. Fourth Edition. Crown 8vo, 5J. 

XVII. Money and the Mechanism of Exchange, By W. 
Stanley jevons, M.A., F.R.S. Sixth Edition. Crown 8vo, 5J, 

XVIII. The Nature of Light. With a General Account of Physical 
Optics. By Dr. Eugene Lommel. "^ilh 188 Illustrations and a 
Table of Spectra in Chromo-lithography, Third Edition. Crow'n 
8vo, Sj. • • f 

XIX. Animal Parasites and Messmates. By P. J. Van Benedcn. 
With 83 Illustrations. Third Edition, Cro'ian 8vo, 5 j. 

XX. Fermentation. By Professor Schiitzcnbcrgcr, With 28 Illus- 
trations. Fourth Edition. Crowm 8vo, 5 j. 

XXL The Five Senses of Man. By Professor Bernstein. With 
• 91 Illustrations. Fourth Edition. Crown 8vo, 5J. 

XXII. The Theory of Sound In its Relation to Music. By Pro- 
fessor Pietro Blaserna. With numerous Illustrations. Third 
Edition. Crowm 8vo, ^s. 

XXIII. Studies in Spectrum Analysis. By J. Norman Lock} cr, 
F.R.S. With six photographic Illustrations of Spectra, and 
numerous engravings on Wood, Third Edition. Crov^a 8vo, 
6 s, 6 ii. 

XXIV. A Histftry of the Growth of ^the Steam Engine. By 
Professor R. H. Thurston. With ilumerous Illustrations, Third 
Edition. Crown 8vo, 6 s, 6 Jt 
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XXV. Education as a Science. By Alexander Bain, LL.D. Fourtb 

Edition, Crown 8 vo,^5j. ‘ 

XXVI. The Human Species. By Professor A. de Ouatrefagdr Third 
, Edition. Crown 8vo, 5r. 

XXVII. Modern Ohromatics. With Applications to Art and In- 
clustiy. By Ogden N. Rood. With 130 original Illustrations. 
Second Editiofi. Crown 8vo, 5r. 

XXVIII, The Crayfish : an Introduction to the Study of Zoology. By 
Profoosor T. II. Huxley. With 82 IlliistratJons, Fourth Edition^ 
ClDwn 8vo, 5r. 

f* * f, 

XXIX. The Brain as an Organ of Mind. By II. Charlton Bastian, 
M.D. With miincrous Illustrations. Third Edition. Crown 
8vo, 5Jt 

f 

XXX. Ther Atomic Theory. By Prof. Wurtz. Translated by G. 

Cleminsliaw, F.C.S, Third Edition. Crown 8 vo,- 55“. 

XXXI. The Natural Conditions of Existence as they affect 
Animal Life. By Karl Semper. With 2 Maps and jo6 
Woodcuts. Third Edition, Crown 8vo, 5^. 

XXXII. General Physiology of Muscles and Nerves. • By Prof. 
J, Rosenthal. Third Edition. With Illustrations. Crown 8vo, 
5 J. 

XXXIII. Sight : an Exposition of the ‘Principles of Monocular and 
Binocular Vision. By Joseph le Conte, LL.D. Second Edition. 
With 132 Illustrations. Crown 8vo, 5J. 

XXXIV. Illusions : a Psychological Study. By James Sully. Second 
Edition. Crown*8vo, Ks, 
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XXXV. Volcanoes s what they are and what they teach. 
By Prof^or J. W. Judd, F.R.S. With 92 Illustrations on 
Wood, 'rtiird Edition. Crown 8vo, 5r. 

XXXVI. Suicide ; an Essay on Comparative Mor^jil Statistics. By Prof. 
II. MorselU. Second Edition, With Diagrams. Crown 8vo, 5.f. 

XXXVII. The Brain and its Functions. By J. Luys. With 
Illustrations. Second Editiorf. , Crown 8vo, 5^. 

XXXVIII. Myth and Science; an Essay. By Tito Vignoli. Second 
Edition. Crown 8vo, 5J, 

XXXIX, The Sun. By Professor Young. With Illustrations. Second 
Edition. Crown 8vo, $s, 

XL. Ants, B6es, and Wasps: a Record of Observations on the 
Habits of the Social Hymenoptera. By Sir Joh^ Lubbock, Bart., 

^ M.P, With 5 ChronVj-lithc^aphic Illustrations, Seventh Edition. 
Crown 8vo, 5^. €?* 
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XLI. /Uiimal Intelligence. By G. J. Romanes, LL.D., F.R.S. 

^^Third Edition, Crown 8vo, 

XLII. The Concepts ahd Theories of Modern Physics. By 
J. B. Stallo. Third Edition, Crown 8vo, 5^. • 

XLIII. Diseases of the Memory ; An Essay iS the Positive Psycho- 
logy, By Prof. Th. Ribot. Second Edityn. Crown 8vo, ^s, 

XLIV. Man before Metals. By N. Joly, with 148 Illustrations. 

_ Third Edition, Crown 8vo, <s, 
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XLV. The Science of Politics. By Prof, Sheldon AmJs. Third 
Edition. Crown 8>^, 5^. * 

XLVI. Elementary Meteorology. By Robert 11 . Scott. Third 
Edition. With Numerous Illustrations. Crown 3 vo, S^. 

XLVII. The Organs of Speech and their Application in the 
Formation of Articulate Sounds. By Georg Hermann 
Von Meyer. With 47 Woodcuts. Crown 8vo, 5^, 

XLVIll. Fallacies. A View of Logic from the Practical Side. By 
Alfred Sidgwick, Crown 8vo, Sr. 

XLIX. Origin of Cultivated Plants. By Alphonse dc Candolle. 
Crown 8vo, Sr. 

L. Jelly-Fish, Star-Fish, and Sea-Urchins. Being a Research 
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8vo, SJ. 
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BAI^RINGTON, Capt. y, 7 .— England on the DJfensive ; or, the 
Problem of Invasion Critically Examined. Large crown 8vo, 
with Map, 7 j. 6</. 

BRACICENBURy, Col. C. B., — MUitary Handbooks for 

Regimental Oflicers. 

I, Military Sketching And Reconnaissance. By Col. 

F. J. Hutchison and Major H. G. MacGregor. Fourth 
Edition. With 15 Plates, Small crown 8vo, 4r. 

II. The Elements of Modem , Tactics Practically 

applied to English Formations. By Lieut.-Col. 
Wilkinson Shaw. Fifth Edition. With 25 Plates^nd 
Maps. Small crown 8vo, pr. ' » 

III. Field Jfrtillery- Its Equipment, Organization and Tactics. 
By Major Sisson C. Pratt, R.A.® With 12 Plates. Second 
Edition, Small crown 8vo, 6r. 
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Military Handbooks — continued, c , 

IV, The Elements of Military ^dmlnlstratlony<^First 

Part; Permanent • System of ^dministmtion. Sy Major 
J, W. Buxton, Small crown 8 vo, 

V, Military (pL.aw : Its Procedure and Practice. By Major 

Sisson C, Pratt, R,A. Second Edition. Small crown 8 vo, 

4 ^. 6 ^. • 

VI. Cavalry in Modern War.* By Col, F. Chenevix Trench. 

Smal} crown 8 vo, ^ 
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Application. By ]^the Editor, Col*. ‘C.t Brackenbury, R.A. 
Small crown 8 vo. 

BROOKE, Mciior, C, A".— A System of Field Training. Small 
crown 8 vo, cloth limp, 2s, 

CLERY, (!,, Minor Tactics. With 26 Maps and Plans. 

Sixth and Cheaper Edition, Revised. Crown 8 vo, gs, 

COLVILE, Lieut, ‘Col, C, F. — Military Tribunals. Sewed, 25. 6 d. 

CRA UFURD, CapL H, y.— Suggestions for the Military Train- 
ing of a Company of Infantry. Crown 8 vo, is, 6d, 

HARRISON, Lieut, -Col, A.— The Oflicer’s Memorandu^rh Book 
for Peace and War. Third Edition. Oblong 32 mo, roan, 
with pencil, 3 J, 6 Z 

Notes on Cavalry Tactics, Orgaillsationi^ etc. By a Cavalry 
Officer, With Diagrams. Demy 8 vo, I2s, 

FARR, Capt. IL Hallam, C,M,G, — The Dress, Horses, and 
Equipment of Infantry and Stall Officers. Crown 

8 vo, IS, • 

SC HAW, Col, AT.— The Defence^ and A'ltack of Positions and 
Localities. Third Edition, Revised and Corrected. Crown 
8 vo, 3s. €d, • 

WILKINSON, H Spenser, Capu 20th Lancashire R, V, — Citizen 
Soldiers. Essays towards the Improvement of the Volunteer 
Force, Crown 8 vo, 2s, 6d, 
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OF ST. y/CTOF.— The Liturgical Poetry of Adam of 
St. Victor. From the text of Gautier, With Translations into 
English in the Original Metres, and Short Explanatory Notes, 
by Dxgby S. Wrangham, M.A. 3 vols. Crown 8vo, printed 
on hand-made paper, boards, 21s, 

AUCHMUTY, A, C.— Poems of English Heroiim s From Brunan- 
burh to Lucknow ^ffom Atheistan to Albert, Small crown 8vo, 
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AVIA.-^The Odyssey of Homer. Done into English Verse by. 

• • Fcap. 4to, I 5 j. 

T, C., ^./’.-iThe Schezpe of Spiouriis. A Render- 
ing into*English*Verse of the Unfinished Poem of Lucretius, 
entitled “ De Rerum Nature,” Fcap. 4to, 7 j. • 

BARNES, Poems of Rural Life, In the Dorset 

Dialect. New Edition, complete in ^ne vol. Crown 8vo, 
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JAYNES, Rev, Canon H, R. — Home Songs for Quiet Hours. 
Fourth and Cheaper Edition. FcajS 8vo, cloth, 

BENDALL, Gerard, Silvestris. i6mo, is, 4^. 


BEVINGTON, L, i*.— Key Notes. Small crown 8vo, 5 j. 

BILLS ON, C, y , — The Aoharnians of Aristoj^hanea. Crown 
8vo, 3J. 6d, * . 

BLUNT, WilfHd Scawen,’--rhe Wind and the Whirlwind. 
Demy 8vo, is, 6a, 

BOWEN, H, C,, -Simple Rnglish Poems. English Literature 
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• • each, and Part IV., xx. Complete, 3x. 

BRASHER, Alfred,^— Sophia . ; or, the Viceroy of Valencia. A Comedy 
in Five Acts, founded on a Story in Scarron. Small crown 8vo, 

25, 6d, • 


BRYANT, W, C, — Poems. Cheap Edition, with Frontispiece. Small 
crown 8vo, 3x. 6d, 

BYRNNE, E, Fairfax, — Millcent ; a Poem, Small crown 8vo, 6s, 

CAILLARD, EminU Af^r/x.—Gliarlotte Corday, and other Poems. 
Small crown 8vo, 3x. 6d, 

Calderon’S Dramas ; the Wonder-Working <|dagician — Life is a 
Dream — the Purgatory of St. Patrick. Translated by Denis 
Florence JJ^acCarthy. Post 8vo, lor. 

Gamoens Lusiads. — Portuguese Text, with Translation by J, J. 
• Aubertin. Second Edition, z vols. Crown 8vo, izs, 

CAMPBELL, Lewis, — Sophocles. The Seven Plays in English Verse. 
Crown 8vo, Is, 6d, 

Castilian Brothers (The), Chateaubriant, Waldemar ; Three 
Tragedies ; and The Rose Hit Sicily i a Drama. By the 
Author of “ Ginevra,” etc. Crown Svo, 6s. 

Christian (Owen) Poems. Small crown Svo, zs, 6d, 

Chronicles Sf Christopher Columbus. A Poem in I2 Cantos. 
By M. D. C. Crown Svo, rt. 6Jt 



CZAI^^B, Mary Honey from the Weed. Verses. 

Crown 8vo,7j. ‘ ' 

Cosmo de Medici; The False One; Agramont andR^^eau- 
^ mont : Three Tragedies ; and Th^ Deforihed : a Dramatic 
Sketch. By the Author of “ Ginevra,” etc., etc. Crown 8vo, 5^. 

COXITEAD, EtheL^'Bir&s and Babies. Imp. i6mo. With 33 
Illustrations, pilt, 2s, 6d, 

David Rizzio, Both well, and the Witch Lady : Three 
Tragedies. By the autlior of “ Ginevra,” etc. Crown 8vo, 6f. , 

e • 

EAF/E, M,D, — The Garden of Fragrance. Being a com- 
plete translation of the Bostdn of S 46 i frcm the original Persian 
into English Verse. Crown 8vo, 7 j. 6<f. 

EA VIES, T, Ilc^t* — Catullus. Translated into English Verse. Crown 
8vo, 6 j., 

DENNIS, y. — English Sonnets.^ Collected and Arranged by. Small 
crown 8vo, 2 j. 

DE VERE, Aubrey, — Poetical Works. 

I. The Search after Proserpine, etc. 6s, 

II. The Legends of St. Patrick, etc. 6^. 

III. Alexander the Great, etc. 6s, 

The Foray of Queen Meave, and other Legends of Ireland's 
Heroic Age. Small crown 8vo, 5s, 

Legends of the Saxon Saints. Sifhall crown 8vo, 6s, 

DILLON, Arthur, — River Songs and other Poems. With 13 
autotype Illustrations from designs by Margery May, Fcap. 4to, 
cloth extra, gilt leaves, lox, 6 d, 

DOBELL, Mrs, Horace, — Ethelstoi^e, EvQ,lin6, and other Poems. 
Crown 8vo, 6s, 

DOBSON, Austin,-^ 0 \^ World Idylls and other Verses.*^ Fourth 
Edition. l8mo, cloth extra, gilt tops, 6s, 

DOMET, Alfred,^'^^TiQ\t and Amohia. A Bream of Two Lives. 
New Edition, Revised. 2 vols. Crown 8vo, I2J, 

Dorothy s a Country Story in Elegiac Verse. With Preface. Demy 
8vo, 5 j. * • 

DOWDEN, Edward, ZZ.Z).--Shakspere’s Sonnets. With Intro- 
duction and Notes. Large post 8vo, 7j. 6d, 

DUTT, Toru,-^A Sheaf Gleaned in French Fields. New Edition, 
Demy Svo, los, 6d, 

EDMONDS, E, M, — Hesperas. Rhythm and Rhyme. Crown 8vo, as, 
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ED WARDS, Miss Bstham,’^'PQQipos, Small crown 8vo, )s, 6d, 
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■ •. 6^. 

Soul’s Eve, If No God, ’’and other Poems. Fcap. 8vo, 
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3s. 6d, 

ELLIOTTy Ebene^e}\ The Com Law Rhymer, — I^ems. Edited by his 
son, the Rev. Edwin Elliott, of St. Join’s, Antigua. 2 vols. 
Crown 8vo, i8j. | 

English Verse. Edited b/ W. J. Linton and R. H. Stoddard. 
5 vols. Crown 8vo, cloth, 5^^. each. 

I. Chaucer to Burns. * 

II. Translati^s.* • 

III. Lyrics of the Nineteenth Century. 

IV. Dramatic Scenes and Characters. 

V. Ballads and Romances. 

ENIS, — Gathered Leaves. Small crown 8vo. 

EVANS^ Anne. — Poems and ivfusic. With Memorial Preface by 
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FORSTER^ the late William. — Midas. Crown 8vo, 3s. 

GINNER^ Isaac B. — The Death of Olho, and other Poems. Small 
• •crown 8vo, 5s, 

GOODCHILD, John A. — Somnia Medici. Small crowm 8vo, 5^*. 
GOSSEi Edmund W . — Newf Poems. Crown 8vo, yj. 


GRA/IAMf William. Two Fancies, and other Poems. Crown 8vo, 5^. 

GRTNDRODy Charles. Plays from English History. Crown 
8vo, 7 j. 6</. ^ 

The Stranger^ Story, aiM his Poem, The Lament of Love : An 
Episode of the Malvern Hills. Small crown 8vo, 2s. 6d. 

GURNE"/^ Rev. Alfred . — The Vision of the Eucharist, and other 
Poems. Crown 8vo, 5s. 

A Ghristnfhs Faggot. Small crown 8vo, 5J. 

HfiLLONy H. G. — Daphnis : a Pastoral Poem. Small crown 8vo, 
3s. 6d, 

HENRY, Daniel, UnSer a Fool’s Gap, Songs. Crown 8vo, 

cloth, bevelled boards, 5 j*. 

Herman Waldgrave : a Life’s Dram^. By the Author of “ Ginevra,” 
etc. Crown 8vo, 6 j. 

HEYWOOD, y. C. — Herodias, a Dramatic Ppem, New Edition, 
Revised. Small crown 8vo, Ss. 

HICKEY, E. H. — Sculptor, and jither Poems. Small crown 
8vo, 5 j. 
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HONE YIVOOD, Patty, — Poems. Dedicated (by permission) to Lord 
Wolseley, G.C.B., etc. Small crown 8vo, 2s, bd, « 

yENJCINS, Rev, Canon, — Alfonso Petrucci, Cardinal 

. spirator; an Historical 'fragedy in Fife Acts, c Small crown 8vo, 
• Zs.bd, 

JOHNSON EmleS% 1 V , — llaria, and other Poems. Small crown 8vo, 

3 ^. I 

NEATS, John, — Poetical Works. Edited by W. T. Arnold. Large 
crown 8vo, choicely printed on hand-made paper, with Portrait 
forte, Parchincnt or cloth, I 2 s, ; vellum, 15^, • 

KENNEDY, Qiptain A, W, M, C/ar/S.— €ito^rt the Bruce. A 
Poem: Historical and Romantic. With Three Illustrations by 
James Faed, Jun. Printed on hand-made paper, parchment, 
bevelled boards, crown 8vo, lOJ. bd, 

KING, Edm'ard, — Echoes from the Orient. With Miscellaneous 
Poems. Small crown 8vo, J 5 r. 6</. 

KING, Mrs, Hamilton, — ^The Disciples. Sixth Edition, with Portrait 
and Notes. Crown 8vo, 5r. 

A Book of Dreams. Crown 8vo, 3^. bd, 

KNOX, The lion, Mrs, O, N, — Four Pictures from a Jl^fe, and 
other Poems. Small crown 8vo, 3?. bd, 

LANG, XXXH Ballades in Blue China, Elzsvir 8vo, 
parchment, 5r. t 

Rhymes a la Mode. With Frontispiece by E. A. Abbey, iSmo, 
gilt tops, 5r. 

LAWSON, Right Hon, Mr, Justice, — Hymnl Usitati Latine 
Redditi : with €>ther Verses. Small 8vo^ parchment, Ss, 

Lessing’s Nathan the Wise. Translated T)y Eustace K. Corbett. 
Crown Svo^^bs, 

Life Thoughts- Small crown 8vo, 2 s, bd. 

Living English Poets MDGCGLXXXII. • With Frontispiece by 
Walter Crane. Second Edition. Large crown 8vo. Printed on 
hand-made paper. Parchment or cloth, 12s, ; vellum, 15^. , 

LOCKER, F. -^London Lyrics. * New Edition, With Portrait, 
iSmo, Cloth extra, gilt tops, 5^. 

Love in Idleness. A Volume of Poems. With an Etching by W. B. 
Scott. Small crowi\ 8vo, $s. 

Love Sonnets of Proteus. With Frontispiece by the Author. Elzevir 
•^•8vo, 5^. , 

LUMSDEN, Lhut,-Col H, IK— Beowulf : an 01 (L English Poem. 
Translated into Modem Rhymes. Second and Revised Edition. 
Small crown 8vo, 
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• Svo, 5 j. 

MA^G^EGO/^t DuncafX — Clouds and Sunlight. Poems. Small 
crown ^0, 5 j, \ * 

MAGNUSSON, Eirikr, \a., and PALMER, E. H., Jl/.^.-Johan 
Ludvig Runeberg’s Lyrical Songg, Idylls, and Epi- 
grams. Fcap. 8vo, 5J. 7 

M.D,C . — Chronicles of Christopher Columbus. A Poem in 
Twelve Cantos.^ Crown 8vo, yjr. 6 d, 

MEREDITH, Oivcn YThe Earl of Lytton\. — Lucile. * l^w Edition. 
With 32 IllgftrJttons. i6mo, 3f. (id. Cloth^xtra, gilt edges, 
4J. (id. 

M ORRIS, Lewis . — Poetical Works of. New and Cheaper Editions, 
with Portrait. Complete in 3 vols., 5^. each. * 

Vol. I. contains “Songs of Two Worlds.” Eleventh Edition. 

Vol. II. contains “The Epic Hades.” Eighteenth Edition. 

Vol. III. contains “ Gwen ” and “ The Ode of Life.” Sixth Edition. 

The Epic of Hades. With 16 Autotype Illustrations, after the 
Drawings of the late George R. Chapman, 4to, cloth extra, gilt 
leaves, 2IJ‘. 

The Epic of Hades. Presentation Edition. 4I0, cloth extra, 
gilt leaves, lOJ. 6 d. 

Songs Unsung. Fourth Edition, Fcap. 8vo, 6 s, 

The Lewis Morris* Birthday Book. Edited by S. S. Cope- 
man, with Frontispiece after a Design by the late George R. 
Chapman. 32mo, cloth extra, gilt edges, 2 s. ; cloth limp, is. 6 d. 

MORSIIEAD, E. D. — -The House of Atreus. Being the 

Agamemnon^ Libalion-B^rers, and Furies of Aischylus. Trans- 
lated into English Verse. ^ Crown 8vo, *js. 

The Suppliant Maidens of .^schylus.^ Crown 8vo, 3^. 6 d. 

NADEN, Constance IP".— Songs and Sonnets of Spring Time. 
Small crowmSvo, 51. 

NEWELL, E. The Sorrows of Simona and Lyrical 

• Verses. Small crown 8vo, $s. 6 d. 

NOEL, The Hon, Roden. — 'A Little Child’s Monument. Third 
Edition* Small crown 8vo, y, 6 d, 

The Red Flag, and other Poems. New Edition. Small crown 
8vo, 6 s, • • • 

O' HAGAN, John . — The Song of Roland. Translated into English ^ 
Verse. New and Cheaper Edition. Crown 8v9, 5f. 

PFEIFFER, ^»^j7»'.--The Rhyme of, the Lady of the Hock, 
and How it Grew. Small crewn 8yo, y. 6 d^ 
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Gerard’s Monument, and other Poems, Second fediiion. 
Crown 8vo, 6 j. 

• Cinder the Aspens : Lyrical and /dramatic. With Portrait. 
Crown 8vo, 6s, 

P/ATT, y, y.— Idyll and Lyrics of the Ohio Valley. Crown 
8vo, $s, \ 

RAFFALOVICIP, Mark Andrt^,—CyTh and Lionel, and other 
Pc^ms* A volume of Sentimental Studies. Small cro^^'n 8vo^ 

Rare Poems of the 16 th and 17 th Centffries. Edited W. J. 
Linton. Crown 8vo, 5^. 

RHOADES^ Jamies . — The Georgies of Virgil, Translated into 
Eng]^sh*Verse. Small crown 8vo, 5^. 

ROBINSON^ A, Mary F,—E HaiJdful of Honeysuckle. Fcap. 
8vo, z^6d. 

The Crowned Hippolytus. Translated from Euripides. With 
New Poems. Small crown 8vo, 51. 

ROUSf Conradin. Small crown 8vo, 2 s. 

Schiller’s Mary Stuart. German Text, with English Translation on 
opposite page by Leedham White. Crown 8vo, 6 s. 

SCOTTt E.J, L . — The Kcloguesof Virgil. — Translated into English 
Verse. Small crown 8vo, 3^. 6d. 

SCOTTy George P\ E. — Theodora and other Poems. Small 
crown 8vo, 3J. 6d,^ ^ 

SEALy W, H, — lone, and other PoerSs. Seednd and Cheaper Edition, 
revised, crowm 8vo, 3r. 6d. 

SELKIRKyJ, i?.--^oems. Crown 8vo, *js. 6d. 

SHARPy William. — Euphrenia: or, The Test# of Love. A Poem 
Crown 8vo, 5s. 

SR 7 J\WER, H. y . — The Lily of the Lyn, and other Poems. SmaM 
crown 8vo, 3^. 6d. * ^ . 

SLADENy Douglas . 5 .— Frithjof and Ingebjorg, and other 
Poems. Small crown 8vo, 5J. 

SMITHy % W. Gilhart.--"tYi» Eoves of Vandyck. A Tale of Genoa. 
Small crown 8vo, 2s. 6d, 

TflSb Log p’ the “ Norseman.” Small crown 8vo, 5/. 

Sophocles ; The** Seven Plajs in English Verse. TranSated by Lewis 
Campbell. Crown *is* w. 
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SPICER, Henry, — Haska : a Drama in Three Acts (as represented 
• at the Theatre Royal, Drury Lane, March loth, 1877). Third 
^ ^Edition. Crown 8vo, 3J. (id. 

SYMONDSy Jo^n Addinyton, — ^Vagalbunduli LibeXlus. Xrown 
8vo, 6x. 

Tares. Crown 8vo, is. 6d. ^ 


Tasso’s Jerusalem Delivered. Translated My Sir JoHifr Kingston 
James, Bart. Two ^Volumes. Printea on hand-made paper, 
parchment, bevelled boards. Large crown 8vo, 21 s, 

Savior, sir 11, — works. Complete •in Five Vollim 4 . Crown 
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Philip Van Artevelde. Fcap. 8vo, is. 6 d. 

The Virgin Widow, etc. Fcap. 8vo, is. 6 d, 

The Statesman. Fcap, 8vo, 3 J. 6d. 

TAYLOR, Augustus. — Poems. Fcap. 8vo, 5 j. 

TAYLOR, Margaret *‘Boys Together,” anA other Poems. 

Small crown 8vo, 6j. ^ 


THORNTON, L. M. —The Son of Shelomith. Small crown 8vo, 
is. 6d . , 

TODIiUNTER, Dr. Laurella, and other Poems. Crown 8vo, 
6s. 6d. 

Forest Songs. Small crown 8vo, 3^, 6d. 

The True Tragedy 6f Rienzi : a Drama, is. 6d. 

Alcestis ; a Dramatic Poem. Extra fcap. 8vo, ^s. 

TYLER, M. C.— Anne Boleyn. A Tragedy in Six Acts. Small 
crown 8vo, 2 s. 6d, 

• » 

WALTERS, Sophia Lydian— N Dareamer’s Sketch Book. With 21 
Illustrations by Percival Skelton, R. P. Leitch, W. H. J. Boot, and 
T#R. Pritchett. Engraved by J. D. Cooper.*^ Fcap. 4to, 12 s. 6d. 


Wandering Echoes.— By J, E. D. G. In Four Parts. Small crown 
8vo, 5 j. ^ 


WA TTS, Alaric Alfred and Anna Mary Howitl. — Aurora. A Medley 
• of Verse. Fcap. 8vo, bevelled boards, 5^. 

WEBSTER, Augusta. — Xn a' Day : a Drama. Small crown 8vo, 25 , 6d. 

Disguises : a Drama. Small crown 8vo, 5^. ^ 

Wet Days. By a Farmer. Small crown 8vo, bs, 

WILLIAMS, 7.— A Story of Three Years, and other Poems, Small 
crown 8vo, is. 6d. . ^ ^ ^ 

Wordsworth Birthday Book, The. Edited Adelaide and 
ViOLEi^ORDSWORTH. 32mo, Umj^ cloth, IS . 6d . ; cloth extra, 2s. 

VODNGMANf Thmas PoemsTt ^mall crown 8vo, ^s. 
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YOUNGS f Ella Sharpe * — Paphus, and other Poems. Small crown 8 vo, 

3^. 6«r. • ^ 

A Heart’s Life, Sarpqdon, and otfer Poems, SmJiJl crown 
8 vo, 3 J. 6(L 


V^ORKS FiOTION IN ONE VOLUME. 

BANKS, Mrs. G. Z.— God’s Providcmce House, New Edition. 
Crown 8 vo, 3 J. 6d. ^ 

The Crime of Christmas Day. A Tale of me 
Latin Quarter. By the Author hf <4My Ducats and my 
Daughter.” is. 

HUNTER, Hoi*, and WHYTE, Walter.— TS/iy Ducats and My 
Daughter. New and Cheaper Edition. With Frontispiece. 

Cre^n^vo, 6s. 

. • 

INGELOW, Hcan.—Ofi the Skelllgs ; a Novel. With Frontispiece. 
Secom Edition. Crown 8 vo, 6s, 

KIELLAND, Alexander . — Garman and Worse. A Norwegian 
Novel. Authorized Translation, by W, W. Kettlewell, Crown 
8 vo, 6s. , , 

MACDONALD, G.—Donal Grant. A Novel. New and Cheaper 
Edition. With Frontispiece, Crown 8 vo, 6s. 

Castle Warlock. A Novel, New‘and Cheaper Edition, Crown 
8 vo, 6 j. 

Malcolm, With Portrait of the Author engraved on Steel. Sixth 
Edition, Crown 8 vo, 6s. 

The Marquis of Eossie. Fifth Editiop. With Frontispiece. 

Crown 8 vo, 6s. ^ • 

St. George and St. Michael, Fourth Edition, \\ith Frontis- 
piece. Crown 8 vo, 6 j. 

PALGRA VE, W. Hermann Agha ; an Eastern Narrative. 

Third Edition. Crown 8 vo, 6s. ^ 

SHA W, Flora L . — Castle Blair ; a Story of Youthful Days. New and 
Cheaper Edition. Crown Sve, 3 ^. 6d. * 

STRETTON, Through a ifeedle’s Eye ", a Story. New 

and Cheaper Edition, with Frontispiece. Crown 8 vo, 6s, 

TA YLOR, Col. Meadows, C.^,,L, M.R.I.A. — Seeta : a Novel. New 
and Cheaper Edition. With Frontispiece, Crown 8 vo, 6s, 

•^ppoo Sultau» : a Tale of the Mysore War, New Edition, with 
Frontifpiece, Crown 8 vo, 6s. ^ 

Ralph Darnell. and Cheaper Edition. With Frontispiece. 

. Crown 8vo, 6s, 
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TAYLORy CoU Meadows^ C.SJ.^ Ji/.R./.A, — continued. 

Noble Queen| New and Cheaper Edition. With Frontis- 
piece. Crown Sit 6s. • 

The Confessions ot a Thug. Crown 8vo, 6s. 

Tara ; a Mahratta Tale. Crown 8vo, 6s, 

Within Sound of the Sea. New and Cheaper Edition, jj^ith Frontis- 
piece, Crown 8vo, 6r. 


BfiOK6 FOR THE YOUNQ.^ 

Brave Men’s Footsteps. A Book of Examine and Anecdote for 
Young People. By the Editor of ”Mci> who Imve Risen.” With 
4 Illustrations by C. Doyle. Eighth Edition. Crown 8vo, 3J. 6</. 

COXHEAD, Ethel . — Birds an^ Babies. Imp. i6i-ifo. With 33 
Illustrations. Cloth gilt, 2.$. 6d. \ 

EAVIES, G. Christopher . — Rambles and Adventures of our 
School Field Club. With 4 Illustrations. New and Cheaper 
^ ^ Editiejn. Crown 8vo, 3x. 6d. 

EDMONDS, Herbert . — Well Spent Lives : a Series of Modern Bio- 
graphies. New and Cheaper Edition. Crown 8vo, 3^. 6d, 

EVANS, Mark . — The Story of our Father’s Love, told to Children. 

Sixth and Cheaper Edition of Theology for Children. With 4 
Illustrations. Fcag. 8vo, is. 6d. 

yOHNSON, Virginia IV.-^TliQ Catskill Fairies. Illustrated by 
Alfred Fredericks. 5^-. 

MAC KENNA, S. ^C—^luckv Fellows.* A Book for Boys. With 
6 Illustrations. ^Fifth Eaition, Crown 8vo, ^s. 6d. 

REANHY, Mrs. G. S . — Waking and Workii^ ; or, From Girlhood 
to Womanhood. New and Cheaper Edition. With a Frontis- 
piece. Crown 8vo, 3J. 6d, 

Blessing and Blessed ; a Sketch of Girl Life. New and 
Cheaper Edition. Crown 8vo, 3^, 6d. 

Hose Gurney’s Biscowry. A Book for Girls. Dedicated to 
their Mothers. Cro^n 8vo, 3^. 6d, 

English Girls : Their Place and Power. With Preface by the 
Rev. R. W, Dale. Fourth Edition, Fcap. 8vo, 2s. 6d, 

Just Anyone, and other Stofies. Three Illustralions. Royal 
i6mo, IJ. 6d, • • 

Sunbeam Willie, and other Stories. TMlee UlustratidEsT Royal 
i6mcif is. 6d. 

Sunshine Jenny, ahd other Stori^ Three Illustrations. Royal 
lOmo, Is, 6d. 
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STOCKTON, Frank R.—K Jolly Fellowship. With 20 Illustra- 
lions. Crown 8vo, 5 j. 

SIVRR^ Francis, and TURNLR, Hawes, Canter'jury Cnimes ; 
or, Chaucer Tales re- told to Childreu'?' With 6 Illustrations from 
• ^ the Ellesmere Manuscript. Third Edition. Fcap. 8vo, 3J. 6^4 

STRETTON, David Lloyd’s Last Will. With 4 Illustra- 

tiors. New IMition. Royal i6mo, 2J. 67 . 

Tales from Ariosto'^Re-told for Children. By a Lady. With 3 
Illustrations. Cro\^ 8vo, 4s, 6d, 

IVffITARjbR, FJorence,—Christys InherHance. A London Story. 
Illustrated, Royal i6mo, is, 67 , 


raiNTED BY WILLIAM CLOWE^AND SONS, LIMITED, LONDON AND BECCL^ 







